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CONTINDOOS H Y DROG EN AT I ON OF 
UNSATURATED OILS 

Technical Field 

The present invention relates generally to the 
field of hydrogenation processes, and more particularly 
but not by way of limitation, to methods and apparatus 
5 for improved control and processing of a continuous 
hydrogenation reaction for unsaturated oils. 

Background Art 

The process of hydrogenation as practiced on feed- 
stocks of small grain, edible oils has made a wide 
variety of products available which were formerly made 
exclusively from animal fats and oils. Hydrogenation 
has thusly taken on great economic importance as it has 
been utilized to make highly popular, healthful food 
substances available to the world's population. Its 
utility in the production of plastic products has long 
been known, hydrogenation has also become very benefi- 
cial in its provision of highly unsaturated oils having 
greater stability from oxidation. 

There are two limiting factors that must be con- 
sidered when dealing with hydrogenation, with these 
factors dependent upon the desired character of the 
finished product and the nature of the oil feedstock 
utilized in the hydrogenation process. The first factor 
to be considered is the degree and kind of isomerization 
desired for the finished product. It turns out that 
there is a direct correlation between the amount of 
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trans-isomerization produced and the degree of 
plasticity of most oils at a given congealing tem- 
perature. While the term plasticity is used herein, it 
is recognized that this attribute is also sometimes 
5 referred to as the hardening characteristic of an oil. 
It is measured by the Solid Fat Index, a parameter 
measured by testing protocol established by the American 
Oil Chemists Society Method No. Cd 10-57. 

The second of these process factors is the degree 

10 of hydroge nation. The propensity of the polyunsaturated 
oil to bond with hydrogen is measured with a titration 
called the Iodine Value of the oil. As hydrogenation 
proceeds, double bonds of unsaturated components of 
the feedstock oil are replaced with hydrogen to form 

15 ethylene groups, thus lowering the level of unsatura- 
tion. The function of hydrogenation, in addition to 
reducing the degree of unsaturation, should also be to 
selectively hydrogenate trienes and dienes without the 
process going to complete saturation. Hence, it is 

20 desirable that hydrogenation be carried on under con- 
ditions having favorable Selectivity Ratios. High 
Selectivity Ratios are preferable for the reason that a 
process can be stopped or limited more accurately with 
the greatest or desired level of monoenes achieved. The 

25 degree of unsaturation — the Iodine Value — is measured by 
the testing protocol. of the American Oil Chemists 
Society Method No. Cd 1-15. This time consuming proce- 
dure provides a time delayed process measurement which 
is unsuitable for continuous hydrogenation control. 

30 Equipment and procedures for the continuous hydro- 

genation of edible oils to provide true flexibility in 
the control of the amount of, and selectivity of, hydro- 
genation and the control of the degree of trans- 
isomerization, does not exist today. In order that a 

35 feedstock oil be hydrogenated so as to produce a 

tailored product having predetermined characteristics, one 



WO 88/00855 



-3- 



PCT/US87/01837 



must be able to control the degree of isomerizat ion 
while simultaneously obtaining a suitable Selectivity 
Ratio and degree of hydrogenat ion, and further, be able 
to identify and control these factors while the process 
5 is continuing. The equipment required for continuously 
hydrogenating small grain edible oils must have the abi- 
lity to measure the product quality changes that are 
occurring within the process equipment, as well as to 
predict the final ouality of the product produced. Such 

10 equipment must also have the ability to make measure- 
ments on the controlling parameters of the process to 
achieve optimal performance of the process equipment. 
That is, there is a need to obtain measurements repre- 
senting the quality profile of the product as well as to 

15 obtain measurements that are utilized to control the 
process dynamics. 

While no prior art hydrogenat ion process has 
achieved the above stated control of continuous hydrogen- 
ation, there are some that have made claim to 

20 continuous hydrogenation of unsaturated oils, such as 
Mills et al. U.S. Patent 2,520,424 issued August 29, 
1950 and companion U.S. Patents 2,520,422 and 2,520,423 
issued on even date therewith. The continuous hydroge- 
nator of Mills et al. features a vertically extending 

25 central shaft with horizontally extending agitator blades 
meshing with spatially disposed stator blades which 
are designed to shear the rising processing fluid as 
same is caused to pass around multiple stator blades. 
However, since the fluid is a slurry of oil and 

30 suspended catalyst, the centrifugal force imparted to 
the mixture stratifies the mixture so that there exists 
a near vacant conduit which permits the passage of 
unreacted hydrogen up and along the rotating shaft; this 
is especially evident when one considers the rotational 

35 speeds suggested by Mills et al. up to 1000 rotations 
per minute. Mills et al. uses only standard quality 
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measurements , such as Iodine Values, and does not pre- 
sent any teaching of dynamic testing; accordingly, the 
continuous hydrogenation processes taught by these prior 
art patents are of limited use and have not gained 
5 widespread acceptance. 

U.S. Patent 3,792,067, issued to Coombes et al. on 
February 12, 1974, taught a process for continuous 
hydrogenation of fatty oils wherein an oil and dispersed 
catalyst mixture is passed through a pipeline reactor. 
10 Hydrogen is introduced at spaced intervals along the 
length of the reactor. Coombes et al. maintains two- 
phase flow and relies on fluid turbulence alone for 
agitation. 

U.S. Patent 3,634,471, issued to Kehse on January 
15 11, 1972, taught a method for continuous hydrogenation 
of oils and fats in which the oil is caused to flow over 
horizontally extending perforated plates. Hydrogen, 
generated by an electrolyzer, is passed upwardly through 
the oil which is caused to flow in a determined depth 
20 horizontally over the trays as it overflows each tray to 
move from top to bottom in the hydrogenator. Cooling is 
effected by cooling pipes arranged to contact the out- 
side wall of the hydrogenator. Hydrogen production is 
responsive to vessel pressure, and thus Kehse claims that 
25 such corresponds to the concurrent consumption of hydro- 
gen gas in the hydrogenator vessel* 

Disclosure of the Invention 

The present invention provides for improved hydro- 
genation apparatus and methods to achieve a high degree 

30 of quality control of the effluent product from hydro- 
genation vessels. More specifically, the present inven- 
tion provides for determining and controlling the 
hydrogenation quality of a continuous and uniform flow 
oil stream which is being hydrogenated, comprising 

35 passing a first portion of the processing stream through 
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a plurality of viscosity monitors at a predetermined 
flow rate, cooling the first portion and measuring the 
viscosity at discreet temperatures, preparing a visco- 
sity operating curve of viscosities versus temperatures, 
5 and comparing this curve to viscosity reference curves 
prepared with the subject oil which the unsaturation 
is known (as measured by the Iodine Value titration). 
This comparison affords near instanteous process infor- 
mation for alterinq selected parameters to effect 

10 adjustment to the stages producing the oil quality of 
the hydrogenator effluent. 

A second portion of the processing oil is passed 
through a plurality of opacity monitors at a predeter- 
mined flow rate, and the temperature of the second por- 

15 tion of oil is selectively altered. Attenuation of high 

frequency radiation through the oil is measured at discrete 
temperatures, and an opacity operating curve of attenuation 
measurements versus temperatures is prepared both as the 
temperature is decreased and then as the temperature is 

20 increased; a mean working curve is generated, which is 

then compared with reference curves prepared with the sub- 
ject oil on which plastic characteristics are known (as 
measured by the Solid Fat Index). As above, this 
comparison affords near instantaneous process infor- 

25 mation for altering the stages of the hydrogenat ion pro- 
cess to effect desired plasticity quality of the 
effluent oil. 

Additionally, an improved hydrogenation vessel is 
presented which is comprised of a vessel having liquid 

30 inlet and outlet openings disposed such that a liquid 
zone extending a selected portion of the vessel's ver- 
tical dimension is provided; a rotatable support shaft 
extending centrally to the vessel interior; plural sta- 
tionary liquid holding trays supported by the vessel 

35 internal wall; plural rotating trays supported by the 
support shaft, the stationary and rotating trays hori- 
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zontally disposed between and in spaced apart relation- 
ship to each other; and a power assembly which imparts 
rotation to the support shaft. Plural stator and paddle 
blade members extend from the stationary and rotating 
5 trays , respectively/ and meshingly engage to agitate the 
processing oil f which is caused to alternatively pass 
between the support shaft and the internal wall of the 
vessel on its route upwardly toward the outlet opening 
of the vessel. Gas sparger nozzles are provided to 

10 inject hydrogen at selected points in the vessel. 

An object of the present invention is to provide an 
improved method of determining and controlling the stages 
of the hydrogenation Quality of an edible oil subjected to 
hydrogenation reaction. 

15 Another object of the present invention is to pro- 

vide an improved hydrogenation vessel for the continuous 
hydrogenation of an unsaturated oil. 

Yet another object of the present invention is to 
provide an improved hydrogenation process which is con- 

20 tinuous in nature and which is integrated with other oil 
processes required to prepare edible oils from unsat- 
urated oils, such other processes including/ for 
example, degumming and deordorization. 

One other object of the present invention is to 

25 provide a more economical and energy efficient method 
and apparatus for the continuous hydrogenation of an 
unsaturated oil, while minimizing the capital investment 
require to achieve a specified capacity. 

Other objects, advantages and features of the pre- 

30 sent invention will become clear from the following 

description when read in conjunction with the drawings 
and appended claims. 

Brief Description of Drawings 
Figures 1 and 1A are schematical depictions of an 
35 overall coupling of processes and apparatus stations 
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incorporating the present invention. 

Figure 2 an elevational side view in partial 
cutaway view of an hydrogenation station constructed in 
accordance with the present invention. 
5 Figure 3 is a side elevational, cross sectional 

view of a portion of the internal structure of the 
hydrogenation vessel shown in Figure 2. 

Figure 3A is cross sectional view of a sparging 
nozzle assembly utilized in the hydrogenation vessel of 
10 Figure 2. Figure 3B is partial cutaway view of 'one of 
the tubes of the sparging nozzle assembly. 

Figure 4 is a partial plan view taken at 4-4 in 
Figure 3 of one of the stationary liquid holding trays 
of the hydrogenator vessel. 
15 Figure 5 is a similar partial plan view taken at 

5-5 in Figure 3 of one of the rotary liquid holding 
trays. 

Figure 6 is an end view of one of the agitator mem- 
bers supported by the rotary trays. 
20 Figure 7 is a schematical representation of the oil 

quality monitor of the hydrogenation station of Figure 
2. 

Figure 8 is a schematical representation of the 
viscosity monitor station portion of the oil quality 

25 monitor of Figure 7. Figures 8A and 3B f respectively, 
are end and side cross sectional views of one of the 
interstice devices of the viscosity monitor station. 

Figure 9 is a graphical representation of viscosity 
and temperature data typically obtained for oil passed 

30 through the viscosity monitor station of Figure 8, each 
of the curves shown therein being of an oil with the 
designated saturation value as measured by its Iodine 
Value titration. Figure 9A shows a graphical represen- 
tation of opacity and temperature data typically obtained 

35 for oil passed through the opacity monitor station of 
Figure 7. 
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Figure 10 is a schematical representation of the 
opacity monitor station portion of the oil quality moni- 
tor of Figure 7. Figures 10A and 10B, respectively , are 
end and side cross sectional views of one of the opacity 
5 measurement members of the opacity monitor station. 

Figure 11 is a photographic display of actual 
viscosity and temperature data obtained in the example 
described hereinbelow. Similarly, Figure 11A is a photo- 
graphic display of actual opacity and temperature data 
10 obtained. 

Figure 12 is a schematical depiction of the cata- 
lyst storage and feeder station and the oil-catalyst 
separator station of Figure 1. 

Best Mode for Carrying Out the Invention 

15 The present invention provides a method for con- 

tinuously determining an indirect equivalent for the 
Iodine Value of edible oil in the stages of a con- 
tinuous hydrogenation process. The invention makes 
special measurements of viscosity and relates such 

20 measurements to local temperatures of the processing 
oil. In essence, the invention deals with the 
exaggeration of one of the parameters of Poiseuille's 
Kinematic Viscosity relationship, such that precise 
indirect measurements of process parameters can be 

25 acheived to obtain real differentials that are great 
enough to provide functional utility in predicting 
ongoing and dynamic quality characteristics of the stages 
of the processing oil. This will become more clear 
below, but in essence, the indirect measurement is used 

30 to estimate the Iodine Value of the processing oil, 

but the Iodine Value per se is not measured, except as 
reauired to calibrate the viscosity measuring instru- 
ment. 

Thus, real and measurable data replace 
35 indistinguishable and unreliable differentials of the 
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present art f such as the Refractive Index differentials 
used in the continuous hydrogenat ion process of U.S. 
Patent 2,520,422, issued to Mills et al. In practice, 
measurements of the Iodine Value of a processing oil to 
5 provide Refractive Index differentials usually yield 
differentials in the magnitude of 0.002 to 0.008 units 
between unhydrogenated oil and fully hydrogenated oil. 
Even if one were to make an electronic expansion of 
these minute differentials, they are not thereby made 
10 reliable to determine the progression of hydrogenation 
of the oil. In contradistinction thereto, the present 
invention uses exaggerated pressure differentials with 
real measurable data which are analogous to the degree 
of hydrogenation change, thereby permitting accurate 
15 monitoring of the progression of the hydrogenation pro- 
cess. For example, it has been found that, in the 
method and apparatus described hereinbelow, a drop in 
the Iodine Value from 135 to 120 will give a pressure 
differential of about 25.0 psig. When using instruments 
20 which measure to a precision of 0.3 psig, this becomes a 
highly precise measurement. Hence, the present inven- 
tion provides a vast improvement in the accurate 
measurement of process progression in the hydrogenation 
of edible oils and fats, and these real measurable dif- 
25 ferentials provide a new dimension in the technology of 
controlling continuous hydrogenation processes. 

By dealing with real physical differentials, pro- 
duct quality measurements can be done instantly upon 
increments of the processing oil. In contrast, the 
30 Iodine Value test is time consuming, and is generally so 
tardy as to be unusable for controlling a continuous 
hydrogenation process.- This is probably the leading 
reason that continuous hydrogenation has not found 
widespread usage in the edible oils industry. Pertinent 
35 data on the condition of the process are so lagged that 
control and adjustment of the continuous hydrogenation 
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process has, heretofore, been incapable of achieving 
acceptable integrity. It is not surprising, then, that 
this industry has been almost entirely dependent upon 
batch hydrogenation processes. 
5 Poiseuille's kinematic viscosity measurement is 

given in the following relation: 

(1) r\ = TTp r 
8 L w 

In the formula (1) given above, D stands for the dif 
ferential pressure across a measuring interstice; R 

10 represents the inside radius of the interstice; L is the 
length of the interstice; and w is the flow rate of the 
liquid through the interstice. The use of this rela- 
tionship will become clear as the present invention is 
illustrated hereinbelow. 

15 in the control technique of the present invention, 

several temperatures are selected to obtain data on the 
degree of hydrogenation achieved within the process. 
When the technique is applied to fats and oils which 
have no crystalline structure, the relationship between 

20 the viscosity measurement and the Iodine Value has been 
found to be very close. Hence, the measurement of dif- 
ferential pressures, divided by the flow of fluid, 
across a series of interstices at various temperatures — 
temperatures at which the oil produces no crystals — 

25 provides a means for excellent indirect equivalents to 
the Iodine Values. If the pressure differentials of 
these same oils and fats are measured in like manner at 
lower temperatures — at which crystals do form — the tech- 
nique provides one means for determining the plastic 

30 characteristics of the stages producing finished pro- 
ducts. Hence, as will become more clear hereinbelow, a 
family of curves for an upper temperature range, at 
which no crystalization occurs, and a family of curves 
at a lower temperature range through which finite 

35 crystalization does occur, can be coordinated in a use- 
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ful manner. As the crystallization of the oil is a 
function of time, two types of curve families are 
generated depending upon the direction of the tem- 
perature change. 
5 The other indirect process measurement mentioned 

above involves the selection of a process parameter 
which augments the above described lower temperature 
measurements; that is, the plastic properties of the 
processing oil can further be determined by a special 

10 manner of utilizing the "Opacity Index" of the oil. As 
with the viscosity measurement, this involves com- 
parisons of certain oil characteristics at various tem- 
peratures, as it has been discovered that these 
characteristics have special pertinence at the point at 

15 which crystallization begins to occur. This is, as will 
be recognized, a direct measurement of the rate of 
crystallization progression, which continues to increase 
as the temperature is lowered on the oil. It 'is more 
sophisticated than the commonly measured "cloud point"; 

20 that is, the present invention deals with a much more 
sensitive and comprehensive measurements, picking up 
changes which are invisible to the naked eye by the use 
of infrared light, or other high f reauency- wave 
energies, to distinguish discrete differences in the 

25 opaque oil. 

This plasticity test is analogous to the Solid Fat 
Index mentioned above. The relation of the Opacity Index 
to temperature change can be displayed on a computer 
screen, and a family of curves — representing various pre- 

30 dictable conditions of the process stages (for specific end 
products) — affords operator indicies for process control 
in the manner described more fully below. This tech- 
niaue provides near instantaneous information on the 
progression of the change of the plastic characteristics 

35 of the processing oil. As the Iodine Value is used to 
calibrate the earlier mentioned viscosity measurement, 
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the Solid Fat Index is used to calibrate the Opacity 
Index measurement. 

It should be noted that the formation of . crystals 
in edible oils is not solely a function of temperature, 
5 as the Solid Fat Index cannot be measured in a short 
period of time. Likewise, the Opacity Index proves to 
be time dependent as well as temperature dependent, and 
a compensatory procedure accounting for this time depen- 
dency has given excellent results. By accounting for 

10 the lag time of crystal formation as the temperature of 
the measurement sample is descending, and taking into 
consideration the lag time for crystal melting as the 
temperature of the oil sample ascends, two curves are 
established for Opacity Index and temperature values, 

15 and these can be integrated to provide a working curve 
analogous to the Solid Fat Index. This integration can 
be measured on the working sample virtually simulta- 
neously with the process flow, thereby providing 
excellent process control parameters within the objects 

20 of the present invention. 

There are two ways that are presently known for the 
utilization of the measurement techniques of the present 
invention to control a process in which an edible oil 
is hydrogenated. The first such application is to 

25 establish a set of temperature points (fairly constant 
temperature control is desired, although not critical) 
for the sample of processing oil to be tested. The oil 
sample is cooled, several values of the Opacity Index 
values are obtained at various temperatures, and com- 

30 puter generated reference curves of the type mentioned 
above are produced. Electronically, these curves are 
integrated into a mean single curve which compensates 
for Jthe lag between the arrival at a given temperature 
and its respective Opacity Index. The resultant curve 

35 has compensation for the time of crystallization and 
produces a nearly instanteous curve reflecting infor- 



WO 88/00855 



-13- 



PCT/US87/01837 



mation analogous to the Solid Fat Index. These measure- 
ments are taken in conjunction with viscosity 
measurements, and the two operating curves, when com- 
pared to the stardardized reference curves, provide 
5 nearly instantaneous process data. 

The second known way of implementing the control 
techniques of the present invention involves taking a 
small grab sample of the processing oil and refluxing it 
through a heat exchanger to make the opacity and tern- 

10 perature measurements both down through and back up 

through its crystallization zone. This method develops 
two smooth curves which can be computer integrated into 
a single curve yielding information analogous to the 
Solid Fat Index. This method is not the preferable 

15 approach since its results are not as timely to the 
hydrogenation process. 

The preferred embodiment of the present invention 
will be described with reference to the drawings herein- 
below, and certa'in definitions of the terminology 

20 employed and of the concepts involved should prove help- 
ful. Tray volume is the mixture of oil, hydrogen and 
catalyst contained between two adjacent trays. A com- 
partment volume defines a repetition of the process and 
is made up of a plurality of tray volumes. A compart- 

25 ment volume may consist of as few as two tray volumes. 
It is in each of the compartment volumes where the added 
ingredients are repeated in relation to the composition 
of the stream. 

Hydrogen gas spargers are employed to create hydro- 

30 gen solutions between the limits of a hydrogen abundant 
condition and a hydrogen starved condition within each 
compartment volume of each hydrogenator column. A 
hydrogenator column is a vessel having plural compart- 
ment volumes with overall liquid and pressure contain- 

35 ment of the unit process. 

In the present disclosure, uniauely designed 
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hydrogenator vessels are presented which provide extended 
residence time to the undissolved hydrogen gas within 
the body of each vessel without slowing or inhibiting the 
flow throughput. For the purpose of understanding the 
5 operation of the unique hydrogenation process of the 
present invention three velocities should be con- 
sidered, as follows: 

(1) The velocity of the oil crossing the static 
tray between the edge of the tray and the rotating 

10 shaft: Vi = Q/Ai (V max ), where 0 is the flow rate and Ai 
is the open area between the inner edge of the static 
tray and the rotating shaft; 

(2) The velocity of the oil passing the tray weir 
between the weir and the hydrogenator vessel wall: 

15 V2 = QA2 (Vminiroum); and 

(3) The velocity crossing the static tray weir 
between the weir and the rotating tray: V3 = Q/A3 • 

^intermediate) • " 

The above expressions consider a compartment volume 

20 of two tray volumes. With this description the amount 
of hydrogen dissolved into the oil between the maximum 
specific volume and the minimum specific volume is: 
( v max " v m i n ) Q. 

Since the specific volume is a function of the 

25 amount of hydrogen entrained, the specific volume will 
decrease as the hydrogen gas dissolves into the oil as 
the process progresses within the respective compartment 
volume. It will be at its highest rate at the beginning 
of the compartment volume and will be uniform at this 

30 point as the hydrogen is injected at a point of its 
highest velocity (V]J where good mixing occurs. 

As the horizontal component of the flow slows with 
the progression of the oil into increasingly larger 
cross-sectional areas of the sector of the tray volume, 

35 the mixture begins to stratify with greater portions of 
higher specific volumes being bouyed upwardly into the 
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contained volume of the underside of the respective 
trays. Composition of the mixture is equitably distri- 
buted into the respective sectors by partitions on the 
upper sides of the rotating trays. The partitions, 
5 which also act as stiffeners for the rotating trays r 
divide the mixture from the hydrogen sparger into the 
oil's highest velocity (Vj) into the sector volumes. 

The above discussion of velocities and specific 
volumes are offered so that other velocities and speci- 

10 fic volumes, now discussed, will have discrete meanings. 
The above velocities and specific volumes are not 
equivalent to those implied in the Mills patents (U.S. 
2,520,423) and in the Coombes et al. patent (U.S. 
3,792,067), and are among the several differences of the 

15 present invention to that of the prior- art. As 

described more fully below, in the present invention, 
agitators, impellers and stators are mounted vertically 
onto rotating and static trays and mate geometrically so 
that mechanical displacement provides a shearing force- 

20 to the oil contained in the tray volume. The agitators 
are angularly disposed so as to impart vertical dis- 
placement to the oil into the undissolved hydrogen rich 
volume at the underside of the next above tray. 

This vertical displacement capability is designed 

25 into the agitators and stators in recognition of the 
stratifying propensity of the entrained undissolved 
hydrogen in the higher specific volumes bouyed up onto 
the underside of the respective trays. The relative 
lateral placement between the agitators and the stators 

30 also provides dynamic shear to the fluid containing the 
just released hydrogen bubbles which are immediately 
reduced in size by this shearing action. Superior agi- 
tation (vertical high velocities in addition to those 
described above) is applied to the mixture without 

35 increasing the throughput velocities Vi , V2 and V3. In 
other words, the agitators are able to apply shearing 



WO 88/00855 



-16- 



PCT/US87/01837 



work preferentially to the hydrogen rich volumes 
entrapped on the underside of the trays. Hence, the oil 
containing hydrogen and catalyst is given momentary 
residence in its incremental tray volume in which it is 
5 given violent work in both the shearing and the vertical 
directions. This techniaue offers a method for main- 
taining near saturation conditions of the hydrogen in 
the oil as desired at all points in the hydrogenation 
process. It also adds interface between the surfaces of 

10 the catalyst/ the dissolved hydrogen and the oil to 

accelerate either the rate of hydrogenation or the rate 
of trans-isomerization. 

The amount of hydrogen in solution in an incremen- 
tally small volume of oil depends upon its reaction rate 

15 and the rate of returning hydrogen into solution. If an 
incrementally small volume of oil has reacted with all 
of Its available hydrogen, whatever happens thereafter 
(if anything) will be isomerization due to the energy 
levels (pressure, velocity and internal) and the poten- 

20 tial of the catalyst. Hydrogen can go into solution 
with the oil only at the surface of a hydrogen bubble. 
If the ratio of the surface of the hydrogen bubble to 
the bubble's mass is greatly exaggerated, the rate of 
dissolving the hydrogen into the oil can be greatly 

25 accelerated. 

Hence, the smallest radii of bubble spheres will 

produce the highest ratio and the fastest solution rate 

in accordance with the following relationships: 

(2) SURFACE = 3v = 2201T 
FTKSS T~~ TP 

30 O) v = 767T 

P 

where v » the specific volume of hydrogen gas at a par- 
ticular absolute pressure (p) and a particular 
absolute temperature (T); and where r - the average 
radius of spherical bubbles of hydrogen gas. 
35 As the radius of the average bubble approaches 
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zero, as is the case where the hydrogen bubbles are 
repeatedly and nearly completely sheared into extremely 
small sizes by the configuration of the stators and 
agitators, the ratio becomes infinite and the solution 
5 rate approaches an instantaneous condition, provided 

sufficient hydrogen is available in the proximity of the 
incrementally small volume of oil and this volume is not 
saturated with hydrogen. Therefore, by dynamically 
shearing the mixture of the hydroqen gas and oil, the 

10 bubbles are reduced in size and the rate of dissolving 
the hydrogen is greatly increased. 

Uniform rates of reaction are necessarv throughout 
the eauipment if a uniform and homogeneous product is to 
be produced. The final guality of the oil product is 

15 • dependent not only upon how much and how fast hydrogena- 
tion takes place, but it is also dependent upon how much 
isomeration (both cis and trans forms) takes place. For 
true control of the process, the composition of the mix- 
ture must be quite similar in all incrementally small 

20 volumes. In a process which is relatively hydrogen 

abundant in its beginning and which is relatively hydro- 
gen starved at its end, Selectivity Ratio prediction and 
control are not possible, and consequently, it is not 
possible to achieve a uniform and homogeneous product. 

25 In the hydrogenat ion vessels to be described below, 

finite volumes of interacting oil, catalyst and hydrogen 
are disposed between the respective trays, for which the 
residence of the mixture in a tray volume may be deter- 
mined by dV/Q = t, where d is the density, V is the tray 

30 volume and Q is the flow. This provides a determined 
amount of the mixture to permit shaft work to shear the 
hydrogen bubbles into smaller and smaller sizes while 
simultaneously providing the necessary residency for the 
hydrogen to go into solution. 

35 Since the present invention involves the continuous 

hydrogenation of edible oils, all ancillary flows are 
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likewise continuous so that reactant mixtures are uni- 
form and equally distributed during the process. The 
input hydroqen must be maintained at a very high purity 
and remain air and oxygen free. This also applies to 
5 the catalyst employed since catalyst strength is an 
important process consideration and care must be taken 
to preserve the integrity of the catalyst if the process 
control is to be maximized. The effects of catalyst 
poisoning are generally less for continuous hydrogena- 
10 tion as compared with batch hydroge nation, so timely 

replacment of the catalyst is not a cost increasing fac- 
tor. 

As will become clear below , the present invention 
provides for "dead end hydrogenation" , that is, nearly 

15 all of the hydrogen introduced into the system dissolves 
into the oil. Conventional batch type hydrogenation 
will always be control limited and quality inferior as 
it will have some incrementally small volumes in an 
hydrogen abundant condition and some incrementally small 

20 volumes in an hydrogen starved condition, all at the 
same time. It is virtually impossible to have uniform 
reaction rates throughout a large fluid body. . Hence, 
non-uniformity in hydrogenation and non-uniformity in 
isomerization are both experienced in batch hydrogena- 

25 tion. With the disclosed invention, these conditions 
are prevented and a uniform and predictable product is 
forthcoming. 

In the present invention, dead end hydrogenation is 
possible regardless of whether the system is being 

30 operated at limits near an hydrogen abundant condition 
or at limits near an hydrogen starved condition. With 
dead end hydrogenation, there is no recirculation of the 
hydrogen gas. There is, however, a slight vapor flow 
leaving the freeboard volume to exhaust the produced 

35 vapors such as ether, carbon dioxide and other unwanted 
vapors. 
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As stated earlier, the amount of hydrogen consumed 
per unit time has analogy with the amount of heat pro- 
duced and is relative to the rate of the hydrogenation 
reaction. Likewise, as different degrees of desired 
5 isomerization are developed, different operating 

pressures are needed, and the amount of excess hydrogen 
gas retained in the freeboard volume of the hydrogenator 
may not be sufficient to maintain suitable pressures and 
at the same time exhaust sll of the undesirable vapors 

10 for all operating conditions. Hence, a different method 
for pressure flexibility is provided. The freeboard 
volume above the liquid phase of the present hydrogena- 
tor has a vapor agitator which keeps produced vapors and 
hydrogen gas well mixed so the freeboard volume does not 

15 become stratified and flow out hydrogen gas only. The 
hydrogenator is provided with an ancillary nitrogen flow 
into the freeboard volume to maintain the desired 
pressures and sufficient excess flow to carry away any 
produced vapors. The nitrogen is introduced above the 

20 liquid phase and away from the flow leaving through the 
back-pressure valve. These conditions will occur when 
very small amounts of hydrogen are being dissolved into 
the oil. 

The measurement of the algebraic summation of input 
25 hydrogen flow and the ouput hydrogen flow can be made to 
confirm the rate of reaction of hydrogenation with this 
indirect measurement. Hence, three process control 
measurements are made: (1) differential of hydrogen flow 
in and hydrogen flow out; (2) temperature gradient on 
30 the oil up the hydrogenator column; and (3) total heat 
leaving the system from each hydrogenator vessel. These 
three measurements provide adjustment information for 
the operator. 

The hydrogenation process is exothermic, and for 
35 uniformity of process conditions, cooling must be pro- 
vided. As with other parameters of the present pro- 
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cess, heat flow should be held to a uniform condition or 
a desired gradient condition. As described more fully 
below, stator trays have internal sinuous cooling coils, 
with the static agitators acting as surface extenders 
5 flowinq the heat into the static panel coil of the tray 
itself. Approach temperatures are thusly repetitive 
within each tray volume so that the temperature in each 
small incremental volume is discretely controlled. 

The heat generated within a given hydrogenator 

10 vessel is an indirect indication of the amount of hydro- 
gen reacted, so the temperature differential of the 
coolant in and out of the hydrogenator vessel can be 
measured against the flow of the coolant; this heat 
removal measurement can be recorded and maintained at a 

15 uniform rate. Likewise, the temperature gradient of the 
oil can be recorded for observation by the operator, and 
the temperature gradient of the oil can be made uniform 
by adjusting the coolant flow. With reference to the 
temperature gradient of the oil passing through the 

20 hydrogenator column, it may be that a zero temperature 
gradient is desired, and this function controls the 
change of the temperature of the oil as it passes from 
one compartment volume to another. As experience is 
gained with the process, adjustment of the process para- 

25 meters can be made to produce the multitude of oil pro- 
ducts with data such as the oil temperature gradient. 

Two methods can be employed to control the hydrogen 
flow to each compartment volume, singularly or in com- 
bination with each other, to maintain desired control 

30 between. the two limits of the hydrogen abundant con- 
dition and the hydrogen starved condition. As the pro- 
cess condition approaches hydrogen starvation, no" 
static pressure compensation is necessary as the static 
pressure upon the hydrogen gas is extremely high, and 

35 the static pressure differential between the bottom of 
the hydrogenator column and its top is small. Hence, 
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the flow of the hydrogen gas will be essentially the 
same between each of the compartment volumes. When the 
process condition approaches hydrogen abundancy, the 
static pressure flowing the hydrogen gas is relatively 
5 low, and the upper compartment volumes will receive the 
flow with the lower compartment volumes receiving none. 
Hence, hydrogen gas flow compensation, based upon tem- 
perature, will be necessary. 

A description of the preferred embodiment of the 

10 equipment to carry out the improved hydrogenation process 
of the present invention will now be given with 
reference to the various drawings included herewith. 
Identical numerals will appear in the drawings to indi- 
cate equipment and components that are identical in 

15 other figures r and for the sake of a more clear 

discussion of the necessary disclosure, a large amount 
of construction detail and process flow information, 
known to persons of ordinary skill in the art of 
hydrogenation processes, will be omitted. That is, it 

20 is not believed necessary to include details such as 
valving, vessel construction, piping, controls, etc., 
except as provided herein to instruct persons of ordi- 
nary skill as to how to make and use the present inven- 
tion. 

25 In the practice of the present hydrogenation pro- 

cess, it will be beneficial to practice same in con- 
tinuous and coupled flow, either in partial flow or 
total flow, with the uniaue refining and deodorizing 
process taught in my above mentioned U.S. Patent 

30 Application No. 540,037, filed October 7, 1983 and as 
modified by the teaching of my U.S. Patent Application 
No. 719,220, filed April 2, 1985, also mentioned above. 
The teachings of those earlier filed patent applications 
are incorporated herein by reference so as to minimize 

35 the length of the present teaching. Nevertheless, cer- 
tain portions of my earlier patent applications will be 
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discussed here in the interest of clear understanding 
and reading continuity. 

Referring to Figures 1 and 1A herein, the process 
and apparatus of the present invention is illustrated 
5 schematically , as is the process and apparatus of the 
aforementioned U.S Patent Application. No. 540,037, As 
was stated in the latter, the unique and complete 
refining and deordorizing process taught therein 
comprised degumming, deaerating, dehydrating, bleaching, 
10 low temperature refining, tocopherol distillation and 
fatty acid distillation (which is also referred to as 
deodorization), all of which occur simultaneously at 
five isothermal stations. 

10 is an isothermal station in which degumming, 
15 dehydration and deaeration occur at approximately 110°F. 

12 is an isothermal station at which bleaching 
occurs at approximately 230°F. 

14 is an isothermal station at which refining 
distillation occurs at approximately ' 285° F to remove 
20 ketones, aldehydes and other components. 

16 is an isothermal station at which tocopherol 
distillation occurs at approximately 340°F as measured at 
the top of the tocopherol rectifying column. 

18 is an isothermal station at which fatty acid 
25 distillation, referred to as deodorization, ~ occurs at 

approximately 410°F. These temperatures may vary widely 
depending upon optimum distillation conditions of the 
various types of oils. 

Between each of the stations having a different 
30 temperature and at the beginning of the process is a 
heat exchanger which transfers heat energy from the 
finished oil to the unfinished oil moving into the next 
station. In this manner, an efficient use of the heat 
energy applied to the oil is obtained. After startup, 
35 assuming relatively well insulated equipment, relatively 
little heat energy is lost as waste heat. No signifi- 
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cant amount of heating or cooling of oil or fat product 
is required throughout the process depicted by isother- 
mal stations 10 - 18. 

20 is an inlet metered edible oil stream. 
5 22 is a heat exchanger. 

24 is an outlet stream of finished product oil 
which flows in heat exchange relationship to the inlet 
oil stream 20 in the heat exchanger 22. The unfinished 
but now heated oil in stream 20 then enters isothermal 
10 station 10 for degumming, dehydration and deaeration. 

26 is an effluent stream of water and air exiting 
isothermal station 10. 

30, 32 are heat exchangers in which the unfinished 
oil stream 20 passes in heat exchange relation to the 
15 product oil stream 24. The unfinished oil stream 20 f 
after leaving heat exchanger 30, enters the isothermal 
station 12 for bleaching. 

Following bleaching, the unfinished oil stream 20 
passes through heat exchanger 32 to enter isothermal 
20 station 14 for a relatively low temperature distillation 
to remove aldehydes, ketones, alcohols and those com- 
ponents boiling below the temperature, at certain static 
and velocity pressure conditions, for removal of 
tocopherol. That is, the isothermal station 14 removes 
25 all components which are more volatile, under these con- 
ditions, than tocopherol. 

34 is an effluent stream of aldehydes, ketones, 
alcohols, etc. removed from the unfinished oil by 
isothermal station 14. 
30 36 is another heat exchanger. The unfinished oil 

stream 20, leaving isothermal station 14, again passes 
in heat exchange relation to the product oil stream 24 
via the heat exchanger 36 and then enters isothermal 
station 16 for distillation of tocopherol. 
35 38 is an essentially pure effluent stream of 

tocopherol produced by isothermal station 16. This pure 
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tocopherol is a valuable product produced by the inven- 
tive process of U.S. Patent Application No. 540,037. 

40 is another heat exchanger and serves to again 
pass the unfinished oil stream 20 , following its exit 
5 from isothermal station 16 , in heat exchanger rela- 
tionship with the product oil stream 24. The oil stream 
22 then enters the isothermal station 18 for distilla- 
tion removal of free fatty acids. 

.42 is an effluent stream of free fatty acids 
10 removed from the unfinished oil by isothermal station 

18 • Preferably, the free fatty acid stream 42 is frac- 
tionated and condensed into one or more free fatty acid 
components. 

The oil leaving the isothermal station 18 f referred 
15 to as "finished oil" in U.S. Patent Application 

540,037, leaves the isothermal station 18 as product oil 
stream 24 to pass through heat exchangers 40, 36, 32, 30 
and 2 2 to become the inlet stream to the process schema- 
tically depicted in Figure 1A, which will be described 
20 more fully hereinbelow. 

Meanwhile, it will be sufficient for the purpose of 
this teaching to note that each of the stations 10 
through 18 is described in detail in my aforementioned 
U.S. Patent Applications 540,037 and 719,220 which are 
25 incorporated by reference herein to the extent necessary 
to understand the present invention and to meet the 
requirements with regard to forming a proper basis for 
claim coverage as may develop herein and during prosecu- 
tion of same. 

30 In Figure 1A, the product oil stream 24 becomes the 

inlet feed stock and passes through several equipment 
components, as follows. 

50 is an inlet heat exchanger; 
5 2 is a catalyst storage and feeder station; 
35 54 is a continuous hydrogenation station utilizing 

unique apparatus and control devices described fully 
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hereinbelow; 

56 is an oil-catalyst separator station; 
58 is a heat exchanger; and 
60 is another deodorizer station of the type 
5 discussed hereinabove with reference to Figure 1. 

62 is the final product stream of edible oil that 
has been properly hydrogenated to specification. 

While the process depicted by the schematic of 
Figure 1A will be described hereinbelow in sufficient 
10 detail to provide persons of ordinary skill that which 
will be necessary to practice the present invention, an 
overview of same may prove helpful. The product oil 
stream passes through the inlet heat exchanger 50 to 
capture most of the heat energy of the final product 
15 stream 62; enters the continuous hydrogenation station 
54 together with catalyst from catalyst storage and 
feeder station 52 and is hydrogenated in a controlled, 
continuous manner; passes with its dispersed catalyst to 
oil-catalyst separator station 56 where the catalyst is 
20 separated and returned to catalyst storage and feeder 
station 52; passes through heat exchanger 58 in heat 
exchange relation to the output final product stream 62; 
and finally, passes to deodorizat ion station 60. 

The inlet heat exchanger 50 comprises one or more 
25 plate frame exchangers designed to extract as much heat 
energy as practical from the final product stream 62. 
By carefully designed approach temperature management, 
together with good use of vessel insulation, the present 
invention minimizes the loss of energy from waste heat. 
30 The catalyst storage and feed station 52 comprises 

an old catalyst storage and an old catalyst feed sta- 
tion; these are two slurry feed tanks which receive the 
return portion of the catalyst from oil-catalyst separator 
56, which will be described more fully. 
35 The continuous hydrogenation station 54 will now 

be described with reference to Figures 2 through 10, as 
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follows. 

70 is an hydrogenation system constructed in accor- 
dance with the present invention, 

72 is an hydrogenator vessel r or column, which is 
5 shown in partial cutaway view to reveal a portion of 
the internal construction thereof* While only one 
hydrogenator vessel 72 is shown in Figure 2, it will be 
understood that a battery of hydrogenators will be fluid 
linked so that the oil and other substances being pro- 

1° cessed will flow serially through each of the hydro- 
genators in known fashion. Further, it is known to 
provide such hydrogenator vessels in parallel flow where 
greater capacity is required, or where the hydrogenation 
system 70 needs to be partially or completely shut down 

15 for any reason, such as for maintenance. Of course, it 
is also known to provide bypass conduits and valving to 
each of the hydrogenator vessels 72 so that individual 
columns can be taken off line and returned to service 
without stopping the process. In Figure 2: 

20 7 4 is a base member upon which the hollow hydroge- 

nator vessel 72 is supported. 

7 6 is an inlet oil conduit communicating to the 
bottom of the hydrogenator vessel 72 from a source of 
fat or oil, such as the product oil stream 26 from 

25 Figure 1A. For subsequent hydrogenator columns, the 
input oil will be that which has exited the preceding 
column or columns; that is, the product oil stream 26 
is passed sequentially to the serially disposed hydroge- 
nator columns following vessel 72. 

30 78 is an outlet oil conduit which passes the 

product oil stream and catalyst (designated 26) to suc- 
ceeding hydrogenator columns, or for the last such 
column, to other processing equipment. 

7 9 is an inlet catalyst conduit by which a slurry 

35 mixture of new catalyst and old catalyst is passed into 
the bottom of the hydrogenator vessel 72 where the cata- 
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lyst blends with the inlet processing oil to travel 
therewith sinuously upwardly over the rotating and sta- 
tionary trays, described below, and exits via the outlet 
oil conduit 78. 
5 80, 82 and 84 are, respectively, a pump, a flow 

control diaphragm valve and a liquid level control asso- 
ciated with the outlet oil conduit 78. 

86, 88 are coolant header conduits supported along 
each side of the hydroqenator vessel 72. 

10 90 is an inlet coolant conduit which communicates 

with the coolant header 86, and 

92 is an outlet coolant conduit which communicates 
with the coolant header 88. 

94 depicts a plurality of stub connector conduits 

15 which extend from each of the coolant header conduits 

F : , 88 and extend through the walls of the hydrogenator 
vessel 72 to pass a coolant from the inlet coolant con- 
duit 90 through cooling coils, described below, and to 
discharge same to the outlet coolant conduit 92. 

20 96 is an inlet hydroqen conduit which connects via 

several branches 96A, 96B, 96C to upper, middle and 
lower portions of the hydrogenator vessel 72. Internal 
hydrogen spargers, described below, are disposed to 
receive hydrogen from the conduits 96A, 96B and 96C to 

25 disperse the hydrogen into the internal hollow of the 
hydrogenator vessel 72. 

98 is a flow control meter in the inlet hydrogen 
conduit 96 and can be a conventionally known pneumatic 
or electronic meter. 

30 100 is a pressure control valve assembly intercon- 

nected between the inlet hydrogen conduit 96 and the 
hydrogenator vessel 72 which senses and controls the 
pressure in the freeboard space above the liquid phase 
contained in hydrogenator vessel 72 within predeter- 

35 mined pressure limits. 

102 is an overall temperature sensing assembly, and 
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102A, 102B and 102C are temperatures sensing and control 
assemblies which serve to control the hydrogen flow via 
diaphragm valves , respectively, in the hydrogen conduits 
96A, 96B and 96C. Conventional temperature probes (not 
5 shown) , disposed at selected points in the hydrogenator 
vessel 72 , provide temperature signals to the tem- 
perature sensing assembly 102. 

The internal structure of the hydrogenator vessel 
72 is quite unique and is as follows: 

10 104 is a vertically disposed, rotatable support 

shaft which extends upwardly into the hydrogenator 
vessel 72 generally the length thereof as shown. 
Appropriate bearings, seals and supports (not shown) are 
provided as required to maintain the support shaft 104 in 

15 proper alignment for rotation within the hydrogenator 
vessel 72. 

106 is a support shaft drive assembly comprising the 
following: 

108 is a transmission unit connected to the lower 
20 end of the support shaft 104; and 

110 is an electric motor coupled to the 
transmission 108. 

112, 114 depict, respectively, an overhead exhaust 
vapor outlet conduit and a back pressure valve. While 

25 the hydrogenator vessel 72 incorporates dead end 

hydrogenation — its inlet hydrogen is almost entirely 
consumed in the continuous hydrogenation process 
occurring therein — there will be small amount of reac- 
tion vapors plus a very small amount of hydrogen 

30 exhausted from the vessel. A small amount of nitrogen 
through a nitrogen purger (not shown) may be fed to the 
freeboard volume to maintain pressure when the system is 
operated on a very starved hydrogen condition. The 
freeboard volumes of each vessel are stirred by the agi- 

35 tator (described below), so it should be understood that 
the nitrogen gas velocity does not serve the function of 



WO 88/00855 



-29- 



PCT/US87/01837 



vapor aqitation. 

As noted hereinabove, the present invention pro- 
vides for the continuous sampling and analyzing of 
extremely small side flows of the processing oil* This 
5 is achieved by the following; 

116 is a continuous oil quality monitor station 
which will be described fully hereinbelow. Quality, as 
used herein, will refer to measurements which are 
analogous to real data of the Solid Fat Index and Iodine 

10 Values of the processing oils. That is, the desired 
quality for the end product made by the present inven- 
tive process will be expressed in terms of targeted 
values of the Solid Fat Index and the Iodine Value, and 
the measurements made by the quality monitor station 

15 116, as described more fully below, provides means for 
having near instantaneous, and thus contemporaneous, 
data which gives excellent predictive control over the 
quality of the end product. 

118 is a calibration sampling conduit which passes 

20 into the upper portion of the hydrogentor vessel 72, 
forms a coil 118A which is disposed below the level 
control 84, and passes again through the vessel wall to 
connect with the quality monitor station 116. Unhydro- 
genated oil of known unsaturation and plasticity is 

25 passed through the calibration sampling # conduit 118, 
brought substantially to the vessel temperature, and 
passed to the quality monitor station 116. 

120 is a sample return conduit which removes the 
sample of oil from the quality monitor station 116 and 

30 directs the discarded sampling stream back to an input 
point for remixing with the input oil charging the first 
hydrogenators (vessels 72). 

122 is a oil sampling conduit which is in fluid 
communication with the outlet oil conduit 78 and with 

35 the quality monitor station 116. 

124 is a sample return conduit through which the oil 
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sample is returned to the outlet oil conduit 78. 

The above discussion of the hydrogenation system 70 
is sufficient, together with the descriptions of the 
internals of the hydrogenator vessel 72 and quality 
5 monitor station 116 which follow, to teach of its use in 
batteries of such hydrogenator vessels 72 to practice 
the continuous hydrogenation process of the present 
invention. That is, when a plurality of hydrogenator 
vessels 72 are disposed in interconnected assembly such 
10 that the processing oil is caused to pass sequentially 
from one hydrogenator vessel to another, the hydrogena- 
tion system 70 becomes an integrated process unit 
capable of achieving the goals and objects of the pre- 
sent invention. 

15 Continuing the present description of the hydroge- 

nator vessel 72, the cutaway drawing of Figure 2 permits 
viewing of a portion of the plural trays that are sup- 
ported therein. Alternate rotary and stationary trays 
are interdisposed in a fashion made more clear as this 

20 description proceeds. With regard to Figure 2, shown 
therein are the following: 

130 depicts a plurality of rotating trays that are 
supported by the support shaft 104. 

132 depicts a plurality of stationary trays that are 

25 attached to, and supported by, the inner wall of the 
hydrogenator Vessel 72. 

134 (shown in Figure 3) depicts plural coolant 
coils disposed within the stationary trays 132, commonly 
referred to as "tube in sheet construction". The 

30 coolant coils 134 are connected to the coolant header 
conduits 86 and 88 via the stub connectors 94 to pass a 
coolant delivered and returned by the coolant conduits 
90 and 92, thereby providing regionally disposed cooling 
surfaces throughout the hydrogenator vessel 72 to remove 

35 the heat locally and uniformly from the exothermic re- 
action, thus controlling one of the parameters which 
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determine the rate of this reaction. 

Turning to Figure 3, shown therein, in partial 
detailed representat ion, is a segment of the internal 
construction of the hydrogenator vessel 72. Depicted 
5 are a portion of the wall of the hydrogenator vessel 72, 
a portion of the support shaft 104, several of the 
rotating trays 130 and several of the stationary trays 
132. Also shown is one of the coolant coils 134 on each 
of the stationary trays 132, with the exception of the 

10 top one of the stationary trays shown therein, which is 
thusly displayed to more clearly show the construction 
of same. While only one such connector 94 is shown con- 
nected to each coolant coils 134 in Figure 2, each such 
coolant coils 134 will have two of the stub connectors 

15 94, with one such connector being for inlet coolant from 
the conduit 90 and one being for outlet coolant deli- 
vered to the conduit 92. These and other structural 
details also appear in the cross sectional views shown 
in Figure 4 (taken at 4-4 in Figure 3), Figure 5 (taken 

20 a t 5-5) and Figure 6 (taken at 6-6 in Figure 5). 

Each of the stationary trays 132 is a cylindrically 
shaped plate member which is attached to the inner wall 
of the hydrogenator vessel 72 by weldment or other 
attaching and supporting means (not shown) , and which 

25 attaches normally thereto across the internal hollow 

of the hydrogenator vessel 72. Each stationary tray 132 
has a centrally disposed clearance aperture through 
which the support shaft 104 extends, and through which 
rising processing oil travels to flow into the tray 

30 volume above each stationary tray 132. 

In like manner, each of the rotating trays 130 is a 
cylindrically shaped plate member having a centrally 
disposed bore through which the support shaft 104 
extends, each such bore being sealed about the support 

35 shaft 104 as shown. That is, each rotating tray 130 is 
attached to the support shaft 104 via weldment or the 
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like (not shown). Clearance is provided between the 
periphery of the rotating trays 130 and the innerwall of 
the hydrogenator vessel 72. The rising processing oil 
is caused to pass through these clearance spaces to flow 
5 into the tray volume above each rotating tray 130, Also 
appearing in Figures 3 through 5 are the following 
details: 

138 and 140 depict upwardly and downwardly extensive- 
groups of three agitator blade members which are sup- 
!0 ported on opposing sides of each of the rotating trays 
130, Each of the agitator members 138 and 140 is 
comprised of the following: 

144 is a base member which is attached to the 
surface of the rotating tray 130; and 
15 146 are plural spaced apart agitator blade 

members which are supported by the base member 144.- 
The detailed structure of the agitator members 138 
and 140 will become -clear as reference is made to Figure 
6, an end view of one of the agitator members 138. It 
20 will be noted that the blade members 146 are angularly 
disposed relative to the base member 144. The purpose 
of the angularity of the blades 146 is to cause such 
blades to impart a vertical velocity to the flowing pro- 
cessing oil and catalyst mixture to break up stratifica- 
25 tion that occurs as a phenomenon in all known prior art 
hydrogenators, as discussed hereinabove. Returning to 
Figures 3 through 5: 

148 depicts a plurality of separator plates that 
support the rotating trays 130 and which extend along 
30 the surfaces of the rotating trays 130 and extend from 
the support shaft 104 to segment the upper and lower 
surfaces of each of the rotating trays 130; further, the 
separator plates 148 serve as stiffeners for the 
rotating trays 130. 
35 150 and 152 depict upwardly and downwardly extensive 

stator members which are supported on opposing sides of 
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each of the stationary trays 132. Each of the stator 
members 150, 152 comprises the following details: 

154 is a base member which is attached to the 
surface of the stationary trays 132; and 
5 156 depicts plural, spaced apart stator blade 

members which are supported by the base members 154. 
The stator members 150, 152 are similar in construc- 
tion to that described for the agitator members 138, 140 
so further description will not be necessary. The 

10 stator blades 156 are also angularly disposed to impact 
the flowing processing oil/catalyst mixture with a ver- 
tical velocity for the reason discussed above. 

The agitator members 138, 140 and the stator members 
150, 152 are spatially positioned so that the agitator 

15 blade members 146 and the stator blades members 156 will 
clearingly mesh as the rotating trays 130 are caused to 
rotate by the support shaft 104 relative to the sta- 
tionary trays 132. Figure 6 depicts an end view of one 
of the agitator members 138 supported by one of the 

20 rotating trays 130. As the tray 130 rotates in the 
direction 138F, the blade member 146 will impact the 
processing oil and catalyst (as will the blade member 
156) so as to impart a vertical force component 138V and 
a horizontal force component 138H to the fluid, thereby 

25 effecting great turbulence to the fluid and preventing 

fluid and vapor stratification by reason of the vertical 
force component 138V. 

158 in Figure 3 depicts a plurality of weir members, 
or check dams, supported on the underside of the sta- 

30 tionary trays 132. Each weir member 158 has a generally 
cylindrically shaped dam portion 158A and a base portion 
158B which is secured to the underside of the supporting 
stationary tray 132 such as by welding. The dam portion 
158A is dimensioned to clear the underlying rotating tray 

35 130 by a predetermined fluid passing distance. This 
causes fluid backup onto the rotating tray 130 as the 



WO 88/00855 



-34- 



PCT/US87/01837 



processing fluid and catalyst mixture is made to flow 
beneath the weir member 158. 

160 depicts a plurality of similar weir members, or 
check dams, supported at the periphery of the rotating 
5 trays 130 in the manner shown. Each weir member 160 has 
a generally cylindrically shaped dam portion 160A and a 
base portion 160B which is secured to the supporting 
rotating tray 130 such as by welding. The dam portion 
160A is dimensioned to clear the underlying stationary 

10 tray 132 by a predetermined fluid passing distance to 
backup the processing fluid and catalyst mixture onto 
the rotating tray 130. The cooperative effect of the 
operation of the weir members 158 and 160 is to cause the 
processing fluid r which is passing upwardly through the 

15 hydrogenator vessel 72, to flow in a circuitous path 

through the clearances between the stationary trays 132 
and the support shaft 104, and between the rotating trays 
130 and the inner wall of the hydrogenator vessel 72, to 
fill the tray volumes above each of the rotating and 

20 stationary trays 130, 132, and further, by selectively 

establishing the clearance beneath the weir members 158A 
and 160A, the velocity of the passing processing fluid can 
be slowed to provide a determined residence time of the 
fluid within the tray volumes. 

25 162 depicts a plurality of hydrogen spargers which 

sparge the hydrogen received from the inlet hydrogen 
conduits into the oil flow and are disposed at intervals 
in the hydrogenator vessel 72 at the underside of 
selected ones of the stationary trays 132. Two types of 

30 hydrogen sparger nozzle assemblies are employed, as 

follows: 162A is a conventional sparging nozzle assembly 
having a plurality of diffusing apertures for dispersion 
of hydrogen gas into the flowing oil. As discussed 
above, this sparger will disperse the bulk of the hydro- 

35 gen reacted, but finer control of hydrogen gas disper- 
sion is required to achieve the uniformity desired. 
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162B is a sparging nozzle assembly that serves this 
latter object, and is discussed futher below. The 
hydrogen spargers 162 are disposed near the clearance of 
the interior opening of the supporting trays 132 near 
5 the support shaft 104 so that hydrogen gas, received 

from the hydrogen conduits 96A through 96C, is dispensed 
into the processing fluid at the maximum velocity 
points, Vi, along its flowing path. A pair of the 
hydrogen spargers are supported on the underside of the 
10 selected stationary trays 132, with one of same having 
the conventional sparing nozzle 162A and the other 
sparger having the unique sparging nozzle 162B. The 
distance between the stationary trays 132 which support 
pairs of the hydrogen spargers 162 defines a compartment 
15 volume, with each compartment volume being a controlled 
segment of the hydrogenator vessel 72 for process re- 
action purposes. 

The sparging nozzle assemblies 162B utilized in the 
hydrogenator vessels 72 are constructed in accordance 
20 with the teaching of the U.S. Patent Application 

540,037, incorporated herein by reference, and more 
specifically, as illustrated in Figures 12 through 14 of 
that patent application. As depicted in Figure 3A of 
the present disclosure, each sparging nozzle assembly 
25 162B includes a hollow, ring shaped body portion 162C 

through which extends a pair of small tubes 162D, one of 
which is shown in more detail in Figure 3B . Each of the 
small tubes 162D has a length L and has a capillary bore 
162E extending the length L and communicating with the 
30 interior of the conduit bearing hydrogen gas for the 
dispersing of hydrogen therethrough. The size of the 
internal diameter of these capillary bores 162E will 
determine the size of hydrogen bubbles formed in the oil 
as hydrogen is dispersed in the oil from the tubes 162D. 
35 a typical capillary bore 162E will be of the order of 

0.025 to 0.250 millimeters in order to effect the bubble 
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characteristics described more fully in my aforemen- 
tioned patent application. To this end, the tips 162F 
of the tubes 162D are tapered and sharpened to a cone 
conf igu ration. 
5 The body portions 162C can be configured in a 

variety of shapes, such as the hollow ring configuration 
described above which is so established to effect hydro- 
gen distribution uniformly in the oil flowing near and 
through the center openings of the stationary trays 132 

10 as the oil flowing therethrough rises about the center . 
support shaft 104 of the hydrogenator vessels 72. Also f 
the tubes 162D can be extended in various configurations 
as necessary to achieve uniformity of distribution of 
the dispersed hydrogen, and if desired, the tubes 162D 

15 can be vibrated by a vibrator (not shown) to decrease 
the size of the hydrogen bubbles. The warning device 
taught in U.S. Patent Application 540,037 can also be 
utilized should ne'ed occur for detecting tube structural 
changes during hydrogenation. 

20 The quality monitor station 116 will now be 

described with reference to Figure 7 wherein is shown a 
schematic of the piping support thereof. In addition to 
the calibration sampling conduit 118 and sample return 
conduit 120, the quality monitor station also com- 

25 municates with a source of the processing oil, that 
is, partially hydrogenated oil from, the conduit 122. 
Also, a cooling medium is passed through the quality 
monitor station 116 in the manner described below. The 
Quality monitor station 116, with specific reference to 

30 Figure 7, comprises the following: 

170 is a pump which is connected to the oil 
sampling conduit 122 to pass the high pressure oil sample 
to conduit 122A. 

172 is a filter assembly through which the high 

35 pressure oil sample is passed from conduit 122A to 122B. 
The filter assembly 172 serves to remove the finely 



WO 88/00855 



-37- 



PCT/US87/01837 



dispersed catalyst from the oil and will consist of 
several filters that are appropriately piped with by- 
pass conduits and valving to enable a fresh filter to be 
constantly placed into service. A filter blow down line 
5 122D is supplied, with appropriate valving, to connect 
to the sample return conduit 124 and serves for conven- 
tional back flushing of the filters. 

174 is a back pressure control valve in conduit 
122C, of conventional structure, to maintain a predeter- 
10 mined pressure in the conduit 122A to the filter assembly 
172. 

176 and 178 are conduits connected to conduit 122B. 

180 and 182 are a conventional flow meter and an 
extremely low volume and high pressure pump, respec- 
15 tively, connected in the conduit 176; and 

184 and 186 are a conventional flow meter and a 
pump, respectively, connected in the conduit 178. 

188 is a pressure reducing valve in the conduit 122B 
which serves to maintain a predetermined pressure to the 
20 conduits 176 and 178. 

190 is a valving arrangement comprising several 
valves in the conduits 118, 176 and 178. The calibration 
sampling conduit 118 communicates with both conduits 176 
and 178, respectively, to selectively open and close 
25 fluid communication between the conduits 122B and con- 
duits 176 and 178. Thus, the valving arrangement 190 
permits a choice of flow to the conduit 176 or the con- 
duit 178; that is, the calibration sampling conduit 118, 
with valves 190A and 190B open (and valves 190C and 190D 
30 closed) passes unhydrogenated oil to the conduits 176 
and 178 for the purpose described below; and the con- 
duits 122B, with valves 190C and 190D open (and valves 
190B and 190C closed) passes filtered oil from the 
outlet oil conduit 78 of the hydrogenator vessel 72 via 
35 conduit 122 to the conduits 176 and 178. 

192 is a viscosity monitor station which is fluid 
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connected to the output side of pump 182 via the conduit 
176A. Fluid exits the viscosity monitor station 192 via 
conduit 176B which communicates with both the sample 
return conduit 120 and the sample return conduit 124, 
5 194 and 196 depict valves disposed in the sample 

return conduit 120 and the sample return conduit 124, 
respectively, the purpose of which being to selectively 
open and close these conduits to fluid communication 
with the conduit 176B. 

10 198 is an opacity monitor station which is fluid 

connected to the output side of pump 186 via conduit 
178A. Fluid exits the opacity monitor station 198 via 
conduit 178B, which bifurcates to connect to both the 
sample return conduit 120 and the sample return conduit 

15 124. 

200 and 202 are valves disposed in the branches of 
the conduit 178B to selectively open and close the con- 
duit 178B to the sample return conduit 120 and the sample 
return conduit 124, respectively. 

20 204 is an inlet coolant conduit which passes a 

coolant, such as water, to both the viscosity monitor 
station 192 and the opacity monitor station 198 via con- 
duits 204A and 204B, respectively. 

2 06 is an outlet coolant conduit which is con- 

25 nected to both the viscosity monitor station 192 and the 
opacity monitor station 198 via conduits 206A and 206B, 
respectively, to remove the coolant provided by the 
inlet coolant conduit 204. 

The quality monitor station 116 has a testing mode 

30 and a calibration mode. In its testing mode, a quantity 
of processing oil and catalyst. is fed to the quality 
monitor station 116 via the oil sampling conduit 122 
which passes same to the filter assembly 172. The 
filtered oil passes through conduit 122B and the 

35 pressure reducing valve 188, and a first portion of the 
oil passes through conduit 176, valve 190C, flow meter 
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180, pump 182 and conduit 176A to the viscosity monitor 
station 192, while a second portion of the filtered oil 
passes from conduit 122B through conduit 178, valve 
190D, flow meter 184, pump 186 and conduit 178A to the 
5 opacity monitor station 198. In the testing mode, the 
valves 190A, 190B in the calibration sampling conduit 
118, and the valves 194, 200 in the conduit 176B and 
178B, respectively, are all closed. In the calibration 
mode, a quantity of unhydrogenated oil from the flow 
10 ahead of the initial hydrogenator vessel 72 is fed 

to the quality monitor station 116 via the calibration 
sampling conduit 118; a first portion of the unhydro- 
genated oil passes through valve 190B, conduit 176, flow 
meter 180, pump 182 and conduit 176A to the viscosity 
15 monitor station 192; and a second portion of the 

unhydrogenated oil passes through valve 190A, conduit 
178, flow meter 184, pump 186 and conduit 178A to the 
opacity monitor station 198. In the calibration mode, 
the valves 190C and 190D in the conduits 176 and 178, 
20 respectively, are closed, as are the valves 196 and 202 
in the conduits 176B and 178B. 

In Figure 8, a schematic of the viscosity monitor 
station 192 is provided, which reveals that such is 
comprised of the following components. 
25 208 depicts a plurality of in line heat exchangers 

or coolers, in fluid communication with the conduit 
176A. (The designation of 176A is used in Figure 8 to 
denote each of the interconnecting conduits throughout 
the viscosity monitor station 192.) For clarity, these 
30 heat exchangers are designated as 208A through 208E. 

Each of these heat exchangers 208 is preferably a shell 
and coil type cooler, with the internal coil being in 
fluid communication with the inlet coolant conduit 204A 
and the outlet coolant conduit 206A. 
35 210 designates a plurality of temperature 

controlled diaphragm valves disposed in the inlet 
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coolant conduit 204A at the inlet of each of the heat 
exchangers 208 as shown. For clarity, these diaphragm 
valves are designated as 210A through 210E. 

212 depicts a plurality of interstice devices 
5 disposed in fluid communication with the fluid exiting 
each of the heat exchangers 208A through 208E. For 
clarity, these interstice devices are designated 212A 
through 212E in Figure 8, with more detailed views of 
one of the interstice devices being shown in Figures 8A 
10 and SB. 

Each of the interstice devices 212 comprises an 
elongated block member having a bore extending 
therethrough and having inlet ports which serve for 
fluid flow and for physical parameter instruments. More 

15 specif ically f the interstice device 212A shown in Figures 
8A and 8B comprises the following. 

214 depicts the block member which serves as the 
body portion of the interstice device 212A. 

216 depicts the longitudinal bore which extends 

20 through the block member 214, with the inlet portion 
216A and the outlet portion 216B being of enlarged 
diameter to receive the sensing ends of thermocouples 
(not shown). The bore portions 216A and 216B can be 
internally threaded, if desired, or the thermocouple 

25 ends can be pressure soldered in place. A portion of 
the longitudinal bore 216 is a calibrated interstice 
216C which typically will be about 0.050 inch in internal 
diameter, but whatever the selected diameter size is, 
the interstice 216C is a high tolerance bore extending 

30 for a precision length. 

218 and 220 are an inlet port and an outlet port, 
respectively, in the block member 214 and communicate at 
opposing ends thereof with the longitudinal bore 216. 
The inlet and outlet ports 218 r 220 are threaded so as to 

35 be connectable in the conduit 176A for passage of 
filtered fluid through the interstice 216C. 
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Returning to Figure 8, the symbols Pi and P2 repre- 
sent pressure measurements by sensing devices such as 
pressure transducers attached to the interstice device 
212A, and Tl and T2 represent the temperature measure- 
5 ments made by the abovementioned thermocouples attached 
thereto. As indicated, the control line of the tem- 
perature controlled diaphragm valves 210A is connected 
to the thermocouple measuring Tl so that the amount of 
coolant admitted to the heat exchanger 208A is 
10 controlled to achieve a predetermined temperature of oil 
passing to the interstice device 212A. It is known that 
an interstice, such as the interstice 212A, will permit 
a certain flow rate of fluid through it regardless of 
inlet pressure fluctuations within a wide pressure 
15 range. Thus, the interstice device 212A, disposed as 
described, will permit a known quantity of flowing oil 
therethrough at a measured temperature. 

Each of the other interstice devices shown in Figure 
8 are identical in construction to that described for the 
20 interstice device 212A, and the only difference in the 

interstice devices 212B through 212E will be the pressure 
and temperature of the flowing oil sample, as follows. 
The diaphragm valve 210B is controlled by the ther- 
mocouple measuring T3 of interstice device 212B, the 
25 outlet temperature of the heat exchanger 208B will be 
T4, and the pressure at opposing ends of the interstice 
212B will be P3 and P4. The diaphragm valve 210C is 
controlled by the thermo-couple measuring T5 of 
interstice device 212C, the outlet temperature of the 
30 heat exchanger 208C will be T6 , and the pressure at 

opposing ends of the interstice 212C will be P5 and P6. 
The diaphragm valve 210D is controlled by the thermo- 
couple measuring T7 of interstice device 212D, the 
outlet temperature of heat exchanger 208D will be T8 , 
35 and the pressure at opposing ends of the interstice 212D 
will be P7 and P8. The diaphragm valve 210E is con- 



WO 88/00855 



-42- 



PCT/US87/0I837 



trolled by the thermocouple measuring T9 of interstice 
device 212E, the outlet temperature of the heat 
exchanger 208E will be T10 and the pressure at opposing 
ends of the interstice 212E will be P9 and P10. 
5 The viscosity monitor station 192 provides a 

collection of data of temperature, pressure and flow 
rate for a plurality of interstice devices, and as will 
be discussed more fully hereinbelow, this data will be 
dealt with to derive a family of curves illustrated by 

10 the graph shown in figure 9 in which average temperature 
(across each interstice) is the abscissa , and the 
pressure drop divided by the flow rate (w) across each 
interstice is the ordinate. More about the construction, 
and purpose of the curves of Figure 9 will be provided 

15 hereinbelow. Also, it should be noted that the purpose 
of the serially disposed interstice devices 212 is to 
obtain viscosity data of the kind described, and while 
the interstice devices 212 represent the preferred embo- 
diment for achieving same, it is recognized that other 

20 types of viscometers can also be utilized in the prac- 
tice of the present invention. For example, one may 
choose to use the Model TT100 in-line viscometers made 
by Brookfield Engineering Laboratories, Inc. and sold by 
Viscosel Corporation of Stoghton, Massachusetts.. 

25 Turning now to Figure 10 , shown therein is a schema- 

tic of the opacity monitor station 198 which reveals 
that such comprises the following. 

2 22 depicts a plurality of in line heat exchangers 
in fluid communication with the conduit 178A. (For con- 

30 venience, each of the interconnecting conduits 

throughout the opacity monitor station 198 will be 
labeled as 178A as well.) These heat exchangers 
are designated as 222A through 222G. Each of the heat 
exchangers 222 is preferably a shell and coil type 

35 cooler with an internal coil being in fluid com- 
munication with the inlet coolant conduit 204B and with 
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the outlet coolant conduit 206B. 

224 depicts a plurality of in line electrical 
heaters in communication with the fluid in conduits 
178A. These heaters, for convenience, are designated 
5 224A through 224F, and each preferably has a fluid 

chamber with a submersible electrical heating coil con- 
nected to an appropriate power source for heating the 
fluid passing therethough. Such heaters are conven- 
tionally known, so further details of structure and 

10 control circuitry need not be provided herein. 

226 designates a plurality of opacity measurement 
members interdisposed between the heat exchangers 222 
and the electrical heaters 224 as shown, the opacity 
measurement members being in fluid communication with 

15 the conduits 178A. For convenience of designation, 
these opacity measurement devices are labeled 226A 
through 226M. As depicted in Figure 10, these components 
are disposed such that the oil sampled passes serially 
through the opacity measurement members 226A - 226M 

20 after being selectively cooled/heated by the heat 

exchangers 222A - 222G and the electrical heaters 224A - 
224F, which are disposed to progressively cool and then 
heat the flowing oil as the oil moves down this line of 
opacity measurement members 226. 

25 Each of the opacity measurement members 226 is 

constructed as shown in Figures 10A and 10B wherein is 
shown the opacity measurement member 226A, in partial 
detail, as follows. 

228 is the tubular body portion of the opacity 

30 measurement member 2 26A. 

230 is a longitudinal bore extending the length of 
the body portion 228. 

232 and 234 are tubular extensions on opposing side 
of the tubular body portion 228. 

35 236 is the bore extending through the tubular 

extensions 232 and 234, the bore 236 communicating with 
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the longitudinal bore 230. 

2 38 is a thermocouple well member supported at the 
distal end of the body portion 228. 

Not shown in Figures 10A and 10B is the thermocouple 
5 which is inserted in the well member 238 to extend into 
the longitudinal bore 230. Also r an infra red source of 
conventional design is supported on the tubular exten- 
sion 232 , and an infra red measurement target is sup- 
ported on the tubular extension 234, neither of which is 

10 shown. In operation, the opacity measurement member 
226A is connected in the conduit 178A to pass fluid 
therefrom through the longitudinal bore 230. Infra red 
radiation is emitted to pass through the flowing liquid 
in the longitudinal bore 230, and the attenuation of the 

15 infra red radiation is measured by the infra red target . 
on the tubular extension 234. While infra red radiation 
is discussed herein and is in fact the preferred 
radiation range, it is believed that other ranges 'of 
radiation energy may be appropriate, depending on the 

20 characteristics of the flowing fluid and the opacity 
changes encountered in the reaction chemistry at hand. 

The purpose of the first half of the opacity moni- 
tor station 198 (through the opacity measurement member 
226G) is to measure the attenuation of infra red 

25 radiation in the flowing fluid as it is progressively 
cooled by the heat exchangers 222A through 222G, this 
attenuation being a measure of the increase in opacity 
in the fluid as the partially hydrogenated oil passes 
through crystalline formation. In Figure 9A, the opacity 

30 measurement portions (that is, the infra red sources and 
targets) are designated as 01 through 013 for the opacity 
measurement members 226A through 226M; the respective 
temperature measurements for the opacity measurement 
members 226A - 226G are designated Til through T17; and 

35 in declining order, the respective temperature measure- 
ments for the opacity measurement members 226H - 226M 
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are designated T16 through Til, 

240 designates a plurality of temperature 
controllers which are disposed to sense selected tem- 
peratures, make comparisons of the sensed temperatures, 
5 and control the electrical heaters 224 in response 

thereto. For convenience, these temperature controllers 
are labeled 240A through 240F. As will be noted in 
Figure 10, temperature controller 240A senses temperature 
Til of opacity measurement member 226A and temperature 
10 Til of opacity measurement member 226M. This points out 
that each of the temperature controllers 240 senses the 
temperature of the paired opacity measurement members 
2 26 which have the same thermocouple labelling in Figure 
10, namely, the following paired opacity measurement mem- 
15 bers: 226A/226M; 226B/226L; 226C/226K; 226D/226J? 

226E/226I; and 226F/226H. In each case for these paired 
opacity measurement members, the temperature controller 
240 senses the temperature at the first one of the 
opacity measurement members and it controls the temperature 
20 at the second of opacity measurement members that make 
up the pair — such as Til of both opacity measurement 
members 226A and 226M by temperature controller 240A — 
which then controls the electrical heater 224F (upstream 
to the second of the opacity measurement members, which 
25 is 226M) to cause Til of the opacity measurement member 
226M to match Til of the upstream opacity measurement 
member 226A. Thus, the temperature controllers 240A - 
240F sense the temperatures at the opacity measurement 
members 226A - 226F and control the electrical heaters 
30 224A - 224F to cause temperatures at the opacity 

measurement members 226H - 226M (via control of the 
heaters 224a - 224F) to match. In other words, a 
cooling profile is effected by the heat exchangers 222A - 
222G, and opacity measurements of the flowing fluid are 
35 made at specific temperature points therealong; then, 

this cooling profile is reversed — a mirror image heating 
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profile is effected by the electrical heaters 224A - 
224F — and the opacity readings are made on the flowing 
fluid at nearly exact temperatures along a rising heating 
profile as was done on the dropping cooling profile. 
5 Curves of the opacity measurements versus temperature 
readings for both decreasing temperatures are shown in 
Figure 9A, and labeled as follows. 

242 designates the curve generated by opacity 
measurements 01 through 07 as the fluid is caused to be 

10 cooled from Tl through T17; 

244 designates the curve generated by opacity 
measurements 08 through 013 as the fluid is caused to be 
heated from T16 through Til; and 

246 designates a straight line drawn through the 

15 average of the central values of curves 242 and 244 f 
curve 246 being a selected working curve for purposes 
discussed more fully below. 

In operation, there are a number of process 
variables which will influence the hydrogenation reac- 

20 tion which occurs in the hydrogenator vessel 72 shown in 
Figure 2 and in each succeeding hydrogenator vessel. Of 
course, process experience will be obtained for a par- 
ticular oil to be processed as is the case always in 
pilot and early start-up operations. The process 

25 variables for the hydrogenator vessel 72 include: fluid 
agitation (determined by the rotation speed of the sup- 
port shaft 104 via the motor 110); the amount of hydro- 
gen sparged into the fluid via the spargers 162; the 
rate of oil flow to the hydrogenator vessel 72 and the 

30 fluid velocities generated therein; the temperature of 
the system; the pressure held on the system; and the 
strength of the catalyst. With experience, a plant 
operator will know the effect that these parameters, 
individually and in selected combinations thereof, will 

35 have on the hydrogenation reaction of the oil. 

As will be clear from the above discussion, two 
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distinct quality analogies are made. The first analogy 
is the equivalent of the Iodine Value which is repre- 
sented at the right side of the viscosity curves. The 
viscosity monitors create a family of curves, one for 
5 each hydrogentor, all of which have been calibrated 
with the same unhydrogenated oil feeding the first 
hydrogenator, such that the process is controlled in the 
progression of the oil through the hydrogenators . This 
provides nearly instantaneous quality data for the 

10 plant operator. The second quality analogy is the opa- 
city monitor by the use of which in a serial fashion 
also creates a family of curves, one for each hydrogena- 
tor and all of which have been calibrated with the same 
unhydrogenated oil feeding the first hydrogenator, such 

15 that the process is controllable with regard to the 

plastic characteristics progression as measured by the 
Solid Fat Index* 

More specifically, oil quality data reference 
curves for various unsaturation levels of the particular 

20 oil being hydrogenated will be generated as follows. 
Assuming that the inlet oil stream 26 is an edible oil 
of the type discussed hereinabove, a portion of the 
unhydrogenated oil coming from the head of the hydro- 
genation process, upon which have been determined the 

25 Iodine value and the Solid Fat Index, is passed through 
the calibration sampling conduit 118, including the coil 
118A, to the the conduit 176 (Figure 7). Thus, the oil 
portion will pass through the viscosity monitor station 
192 (in its calibration mode) via conduit 118, valve 

30 190B, conduit 176, pump 182 and conduits 176A and 176B, 
valve 194 and sample return conduit 120. As the oil 
portion is passed sequentially through each of the heat 
exchangers 208A through 208E, the coolant in the con- 
duits 204A and 206A cools the oil in stages, and values 

35 of the temperatures Tl through T10, the pressures Pi 
through P10 and the flow rate w (from the flow meter 
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180) are recorded. These parameter values, collected 
for samples of oil with varying degrees of unsaturation, 
are translated into reference curves like those depicted 
in Figure 9, which depicts curves of varying unsaturation 
5 levels corresponding to Iodine Values of 72, .81, 90, 108 
117, 126 and 135. Each partially hydrogenated. oil curve 
is put into register by the respective monitor station 
of the hydrogenators via its respective viscosity monitor 
station 192. Thus, as the Iodine Value decreases (as 

10 hydrogenation occurs), the operating curve for the oil 
rises on the graph scale of Figure 9. 

In like manner to the above, data reference curves 
for the opacity monitor stations 198 (Figure 10) are 
also collected for various plasticity levels of the 

15 particular oil being hydrogenated. The inlet oil (that 
is, the sample oil) is caused to also flow through valve 
160A (valve 160D being closed), conduit •178, flow meter 
184, pump 186, conduit 178A, opacity monitor station 
198, conduit 178B, valve 200 (valve 202 is closed), and 

20 sample return line 120. As the oil sample is passed 
sequentially through each of the opacity measurement 
members 226A through 226G, the sample is cooled via the 
heat exchangers 222A through 222G. Following passage 
through the opacity measurement member 226G, the oil 

25 sample is sequentially heated via the electrical heaters 
2 24A through 224F so that the entry temperature at each 
of the opacity measurement members 226H through 226M 
will correspond to the sample temperature exiting one of 
the opacity measurement members 226A through 226F. That 

30 is, temperature controller 240F measures T16 at opacity 
measurement member 226F and controls the electrical 
. heater 224A to sufficiently heat the sample oil that the 
temperature of the sample in the opacity measurement 
member 226H is T16. As indicated, the temperature decay 

35 curve of the sample oil through the opacity measurement 

members 226A through 226G (the temperature decreases from 
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Til to T17) is matched by the temperature increase curve of 
the oil sample through the opacity measurement members 226H 
through 226M (the temperature increases from T17 to 
Til). While this is occurring, these temperature values 
5 are collected versus the value of opacity readings 01 
through 013. For each sample of oil with a calibrated 
Solid Fat Index equivalent value predetermined prior to 
usage, a set of reference curves is obtained similar to 
the curves 242 and 244 of Figure 9A. A working curve 

10 246 (the numerical average of the mid range of the two 
curves) is calculated, and thus a family of family of 
working curves 246 is obtained for the calibrated samples. 

When the data described above for the viscosity 
monitor station 192 and the opacity monitor station 198 

15 are obtained by conventional transducers and ther- 
mocouples for sensing temperature and pressure, as well 
as flow rates and opacity readings, the data can be 
inputted to a conventional computer having CRT readout, 
and appropriate software has been designed to provide 

20 immediate viewing of same by an operating personnel. 

Further, the curves generated by the computer, that is, 
those like the ones depicted in Figures 9 and 9A, can be 
placed in memory for a variety of oils of known standard- 
ization for unsaturation and plasticity (or the calibra- 

25 tion can be caused to take place manually or auto- 
matically on a determined schedule) to provide the 
viscosity and opacity reference curves. Then, as the 
hydrogenation process is taking place in the hydrogena- 
tion vessel 72, as well as in subsequent like vessels, a 

30 family of operating curves similar to those of Figures 9 
and 9A is generated by the oil quality monitor station 
116 on processing oil flowing to and returning from the 
oil quality monitor 116 via conduits 122, 124 which com- 
munciate with the effluent oil and catalyst mixture in 

35 conduit 78. This operating curve is generated very 

rapidly, and the operator personnel can continually view 
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an updated operating curve on the computer CRT for each 
vessel and compare same to the family of reference 
curves, which will nearly instantly inform the operator 
of the quality progression of the effluent oil from the 
5 hydrogenator vessels. For example, if the operating 
curve of Figure 9 is considered, the operator will be 
enabled to compare it to its nearest matching one of the 
family of reference curves, and thereby have an estimate 
of the unsaturation level of the effluent oil. In like 

10 manner, a comparison of the working curve 246 of Figure 
9A to the nearest matching one of the family of 
reference curves will give the operator an estimate of 
the plasticity progression of the effluent oil. Once 
the process parameters are established and constancy of 

15 conditions prevail, the operator is equipped via 
the comparison curves on the computer CRT to make 
changes in the reaction parameters (such as, hydrogen 
flow rate, temperature and pressure levels, oil flow 
rates, catalyst strength, etc.) to maintain the effluent 

20 quality within a predetermined range of accept-ability, 
and this is achieved for every hydrogenator vessel 
that forms the hydrogenation station 54 of Figure 2. 
This has not been accomplished in the edible oils 
industry prior to the present invention. 

25 a discussion of the curves 242 and 244 is now in 

order, as an understanding of these curves will be most 
useful in understanding the present invention. While 
the working curve 246 of Figure 9A (which is obtained 
from curves 242, 244) has been discussed as the 

30 reference curve selected for comparison purposes, it ts 
known that the freezing and melting of oil crystals are 
time dependent, and that the shapes of the curves 242 
and 244 may not be as symmetrical as shown in Figure 9A 
for those circumstances where the flow rate through the 

35 opacity measurement members 226 does not permit suf- 
ficient time for the melting and freezing of the 
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crystals to occur. In that case, it may be preferable 
to utilize only the curve 242 or the curve 244, in which 
case only half of the opacity measurement members 2 26 
will be required to generate the reference curve; in 
5 which case r it is believed that the curve 244 

(temperature increasing) will usually be the more con- 
sistent of the these curves to use as working curves. 

Depicted in Figure 9 is a collection of several 
curves 248A through 248H representing various unsatura- 

10 tion levels as indicated. Curve 248A, for example, repre- 
sents an oil sample which was determined to have an Iodine 
Value of 72, as noted in Figure 9. In like manner, the 
curves 248B through 248H represent oil samples which were 
determined to have Iodine Values of 81, 90, 99, 108, 117, 

15 126 and 135, respectively. It will be noted that the 
curves 248A - 248H are interestingly very similar and 
incrementally spatially removed from each other. Each 
of these curves has a rapidly descending left hand por- 
tion and a tapered linear portion to the right. A zone of 

20 crystallization 250 (between the dashed lines) can be 

established for a family of viscosity curves by connecting 
selected points on all of the curves which are determined 
from the completely frozen and completely melted tem- 
perature conditions of their respective opacity curves. 

25 To the left of the crystallization zone 250 is a plasticity 
predicting zone which is the indicator of the Solid Fat 
Index, while to the right of the crystallization zone 
250 is a non-crystalline zone which is the indicator of the 
degree of unsaturat ion, that is, the Iodine Value of the 

30 oil. The portions of the several curves 248A - 248H in 
the non-crystalline zone (to the right of crystalliza- 
tion zone 250) are substantially parallel, and it has been 
discovered that this zone of parallel linearity, especially 
if enlarged via an appropriate computer CRT display, is 

35 an extremely accurate set of viscosity reference curves 
useful for the prediction of unsaturation levels in the 
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operation of the hydrogenator vessels 7 2. Further, the 
plasticity predicting zone (to the left of the crystal- 
lization zone 250) serves to augment curves 242, 244 or 
246 (shown in Figure 9A) in predicting the plastic 
5 characteristics of the oil as measured by the Solid Fat 
Index, In contrast to the non-crystalline zone (to the 
right of the crystallization zone 250) which is independent 
of the type of oil utilized, as this zone measures the 
degree of unsaturation of any edible oil, the plasticity 

10 predicting zone (to the left of the crystallization zone 
250) is sensitive to the type of oil utilized in the 
system since plasticity is a function of trans-isomeric 
arrangements. Thus this zone's reliability as predic- 
tion reference curves will need be investigated for each 

15 particular oil of interest. 

Example - The following is a description of 
data obtained from equipment constructed to demonstrate 
the measuring and control methods of the present inven- 
tion. More specifically, approximately 8 pounds of an 

20 oil sample being tested were contained in a storage tank 
equipped with an agitator to keep this volume at uniform 
temperatures. The tank was elevated to provide net suc- 
tion head to a high pressure pump. The pump was a 
constant flow, positive displacement pump flowing at 

25 0.064 pounds per second and capable of discharging at 
1600 PSIG. Downstream from the pump was a copper heat 
exchanger containing the oil sample in the copper coils 
and using water on the shell side. Downstream from the 
heat exchanger was a viscosity measurement device which 

30 was an aluminum bar into which an interstice was shrink 
fitted. The interstice measured 0.030 inch for its 
inside radius and 6.679 inches in length. The aluminum 
bar measured 14 inches in length and had a square cross- 
section of 1.75 inches. It was equipped with a ther- 

35 mocouple fitting at each end to measure the input 

temperature and the output temperature,, as the friction 
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of the oil sample passing through the interstice created 
heat. The average temperature was taken for the results 
of the device. Cavities at each end of the aluminum bar 
were fitted with pressure transducers so that a computer 
5 could compute the differential pressure between the 

incoming oil and the effluent oil. Downstream from the 
interstice was an opacity device which consisted of an 
infra-red emitter and infra-red receiver. These were 
placed across the flow of oil in a machining which also 

10 contained another thermocouple. The piping arrangement 
allowed for the oil flow to by-pass the interstice for 
opacity only measurements. From the opacity device the 
oil was returned to the storage tank. All piping was 
plastic except for the high pressure loop between the 

15 pump and the interstice. The water flow to the heat 
exchanger was equipped with a side flow through an ice 
bath and also contained electrical heating elements so 
the rates of the heat added or removed were carefully 
controlled. All data from the pressure transducers, 

20 the thermocouples and opacity device went through an 

analog to digital converter to make them compatible with 
an IBM XT computer. Appropriate software was used to 
develop the related curves, which are displayed in 
Figure 11, which is a photographic reproduction of a 

25 computer screen printout, showing the display of the 

computed viscosity-temperature data for the oil samples 
described above. 

As the determination of the degree of unsaturation 
for a given oil is a function of its relative viscosity 

30 when it has absolutely no crystals, three samples of 
known unsaturation were subjected to the prior art 
method for this measurement. In particular, they are as 
follows: 

A, Unhydrogenated Soybean Oil I.V. 135.0 

35 B. Partially Hydrogenated Soybean Oil I.V. 84.1 

C. Partially Hydrogenated Soybean Oil I.V. 74.8 

The data for these oils when circulated through the 
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above described equipment appear as Curves A through C, 
respectively , in Figure 11. The portions of the respec- 
tive curves above 104°F approached a near linear pro- 
jection as the three portions were parallel and 
5 separated in ratio to their respective values. Hence, 
the method can be calibrated to measure the Iodine Value 
for any oil or mixture of oils. 

Noting Curve B of Figure 11, the left end of the 
curve tends to become linear and has a constant slope. 

10 This characteristic is a measure of the plastic property 
the oil. Likewise, Curve C similarly becomes linear at 
its left end and also projects a constant slope. The 
following data were obtained to provide the Solid Fat 
Indices for these two oils (samples B and C). The 

15 unhydrogenated sample, sample A, was not measured for 
its Solid Fat Index. As the abscissa of the curve is 
given in degrees Fahrenheit, the respective Solids Fat 
Index are also given in degrees Fahrenheit. 

B. Partially Hydrogenated Soybean Oil 

20 SFI @ 10.0°C (50.0°F) = 17.5 

SFI @ 21.1°C (70.0°F = 8.6 

SFI @ 33.3°C (92.0°F) * 1.9 

SFI @ 40.0°C (104. 0°F) = 1.1 

C. Partially Hydrogenated Soybean Oil 

31.5 
19.9 
6.9 
0.6 

The first three Solid Fat Indices (at the lower 
30 temperatures) for each of these oils form near linear 
slopes, and the plastic Quality for each oil sample is 
likewise described. Hence, the slope formed by con- 
necting the lower temperature SFI points is a valid 
indicator of its plastic characteristics. In like 
35 manner, the left side of a preferred (or target) 

viscosity-temperature curve is also analogous to the 
Solid Fat Index since it also produces a linear slope 
which is repeatable; thus, the left side of the 
viscosity-temperature curves (to the left of the 
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SFI & 10.0°C 
SFI 1 21.1°C 
SFI @ 33.3°C 
SFI @ 40.0°C C 



50.0°F 
70.0°F 
92.0°F 
04.0°F 
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crystallization zone) is a useful gage in the prediction 
of the Solid Fat Index of processing oil in a continuous 
hydrogenation reaction. 

Another method was also used to confirm the plastic 
5 characteristics of the oils. That is f the intensity of 
high frequency energy attenuation by the oil was measured 
as the oil's temperature was altered to change its crystal- 
lization condition. Four samples of oil were measured by 
the prior art preferred technique, and as the abscissa of 

10 the respective curves is given in degrees Fahrenheit, the 
Solid Fats Index is also indicated in degrees Fahrenheit. 
The flat Curve A shows that this oil contained no crystals 
at these temperatures, and for this reason, this curve is 
flat. The following data were obtained for the other oils: 

15 B. Partially Hydrogenated Soybean Oil 



20 



SFI § lO.O^C 40.0°F 

SFI 1 21.1°C 70.0°F 

SFI e 33.3°C (92.0°F 

SFI 6 40.0°C (104. 0°F 



= 31.5 
= 19.9 
6.9 
0.6 



C. Partially Hydrogenated Soybean Oil 

SFI § 10.0°C (40.0°F) - 17.5 

SFI I 2I.0°C 70.0°F = 8.6 

SFI 6 33.3°C (92.0°F - 1.9 

SFI § 40.0°C (104. 0°F) * 1.1 

25 D. Partially Hydrogenated Soybean Oil 

with 20% Saturated Palm Oil 



SFI § 10.0°C 
SFI @ 21.1°C 
SFI @ 33.3°C 



40.0°F) - 20.6 
70.0°F = 18.0 
9-2. 0°F) - 13.5 



30 SFI @ 40.0°C (104. 0°F) - 7.5 

Figure 11A is a photographic reproduction of a computer 
screen printout showing the display of the computed opacity- 
temperature data obtained when these oil samples were cir- 
culated through the equipment described above. Figure 11A 
35 shows opacity Curves A f B, C and D corresponding, respec- 
tively, to the oil samples listed above. (The Curves A, B, 
and C appearing in Figures 11 and 11A were generated at the 
same time for each of these figures; that is, the oil run 
which generated Curve A in Figure 11 also generated Curve A 
40 in Figure 11A, etc.) These designations also correspond to 
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those similarly designated viscosity curves in Figure 11. 
The opacity- temperatures curves indicate that the ending 
temperatures have unique end points as well as good 
linearity corresponding to the curves plotted on Figure 11. 
5 As Figure 11 shows that the most plastic material is defined 
by the steepest curve slope (the zone to the left in Figure 
11) , Figure 11A also shows the most plastic condition is 
defined by the steepest curve. Also, it will be noted that 
the curves designated as Curve C in both Figures 11 and 11A 

10 show that the more plastic the oil, the higher its melting 

temperature. Melting temperature, as used herein, has a new 
meaning from previous standards, as the opacity- temperature 
curve of the present invention accounts for the time of 
melting under a controlled condition. 

15 The above description of example data is provided 

herein to give the reader a graphic visualization of the 
data presentation which is available to a plant 
operator of the improved hydrogenation process and 
equipment presented herein. That is, the plant opera- 

20 tor, viewing a computer screen (or printout as desired) 
literally views a graphic display of the quality charac- 
teristics of the processing oil at every hydrogenator 
vessel, and the operator is enabled to adjust various 
process parameters to selectively alter the working 

25 curve of the processing oil at each hydro-genator vessel 
so as to achieve a desired end product, that is, an oil 
effluent of specified unsaturation and plasticity 
characteristics • 

Continuing now with the process schematic of 

30 Figures 1 and 1A, a description of the catalyst treat- 
ment will now be provided with reference to Figure 12. 
Depicted therein are the catalyst storage and feeder 
station 52 and the oil-catalyst separator station 56, 
which are interconnected as depicted. Most specifi- 

35 cally, the catalyst storage and feeder station 52 
comprises the following: 
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260 is a new catalyst slurry storage tank; 

262 is a recycle catalyst storage tank; 

264 is an agitator assembly, one each of which is 
found in the storage tank 260 and the storage tank 262; 
5 266 is a powered agitator member/ one each of which 

is found connected to the agitator assembly 264 in the 
storage tanks 260 and 262; 

268 is a conduit which feeds new catalyst slurry to 
the new catalyst slurry storage tank 260; 
10 270 is a conduit which feeds recycle catalyst 

slurry from the oil-catalyst separator station 56 to the 
recycle catalyst storage tank 262; 

272 is a metering pump; 

274 is a conduit which interconnects the bottom of 
15 the storage tank 260 to the suction port of the metering 
pump 272; 

276 is another metering pump; 

278 is a conduit connecting the bottom of the 
storage tank 262 to the suction port of the metering 

20 pump 276; 

280 is a nitrogen conduit connected to the tops of 
both of the storage tanks 260 and 262; and 

282 is a nitrogen bleed off conduit which com- 
municates with the nitrogen conduit 280. 

25 in practice, the designated new catalyst slurry 

storage tank 260 will actually be a battery of such 
tanks that are appropriately piped in parallel intercon- 
nection which permits continuous service of mixed cata- 
lyst slurry flow to the first hydrogenation; while one 

30 filter in station 56 is being back-f lushed, the other is 
removing catalyst from the process flow. This will also 
be the case for the recycle catalyst storage tank 262; 
however, for purpose of this teaching, it will be suf- 
ficient to deal with these as individual storage tanks. 

35 The storage tanks 260 and 262 are similarly 

constructed, and each has one of the agitator assemblies 
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264 connected to power the agitator member 266 disposed 
therein for continuous stirring contact with the oil and 
catalyst slurry contained in the tank. New catalyst 
slurry from a catalyst preparation station (not shown) 
5 is fed as necessary to the storage tank 260 via the con- 
duit 268. The dry materials used for preparation of the 
new catalyst slurry are presented by the procedures con- 
tained in U.S. Patent Application 719,220. Recycle cata- 
lyst slurry is fed to the storage tank 262 from the 

10 oil-catalyst separator station 56 via the conduit 270. 
The metering pump 272 is connected to the bottom of the 
storage tank 260 , while the metering pump 276 is con- 
nected to the bottom of the storage tank 262. These 
metering pumps 272 and 276 are connected via the bifur- 

15 cated conduit 79 which leads to the first hydrogenator 
vessel 72 in the hydrogenation station 54. With the 
regulation of metering pumps 272 and 276 f the strength 
of, as well as the amount of , the catalyst is controlled 
regardless of the condition of the recycled catalyst. 

20 with continuous and nearly instantaneous quality moni- 
toring of equivalents for both Iodine Value and Solid 
Fats Index, virtually any desired Quality or set of 
qualities can be produced without mixtures or heteroge- 
neous products. In the interest of maintaining oxygen 

25 free catalyst slurry, nitrogen blanketing of the cata- 
lyst slurry in each of the storage tanks 260 and 262 is 
effected in the upper portions thereof via the conduit 
280 which is connected to a source of nitrogen (not 
shown) . The nitrogen bleed off 282 with appropriate 

30 pressure controlled diaphragm valving assures proper 
pressuring and purity of the gas blanketing with 
changing slurry levels in the storage tanks 260 and 262. 

In the interest of linking the teaching of the pre- 
sent patent with its preceding U.S. Patent Applications, 

35 the following discussion is offered. U.S. Patent 
Application 540,0 37 provides essentially a dynamic 
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method for making vapor separation in refining certain 
hydrocarbons. That refinement method includes the 
removal of all organic molecules which are smaller and 
have a lower vapor pressure under like conditions than 
5 the parent triglyceride. It also includes the refine- 
ment of other materials such as water and dissolves oxy- 
gen or other forms of oxygen such as the hydroxide ion. 
Such materials have a propensity to form peroxides and 
hydroperoxides at the double bonds of an unsaturated 

10 triglyceride, and such reactions go to fast completion 
at higher temperatures. The conventional methods for 
the refinement and hydrogenation of edible oils leave 
these materials present in a temperature progression 
which allows it to go to completion. U.S. Patent 

15 Application 540,037, along with U.S. Patent Application 
719,220, not only removes the available dissolved oxygen 
in the precipitate form of sodium sulfate in the 
degumming water, but completely removes any residual 
water in the oil by making its dynamic vapor separation. 

20 Hence, the methods of these two applications have a 
synergistic effect of completely changing the conven- 
tional methods so that heretofore limitations are elimi- 
nated. 

To fully understand the above, the conventional 
25 methods should be considered. Prior art refining 

methods utilize the temperature gradient to conserve the 
heat added and removed from the process line. Hence, 
the sequence of refining is at the convenience of the 
appropriate temperature rather than the most appropriate 
30 quality of refinement. Thus, in the prior art, hydro- 
genation is conducted not at the most quality advantageous 
position, but at the most temperature advantageous posi- 
tion, and the prior art methods suffer from unnecessary 
catalyst contamination. With the combined teachings of 
35 U.S. Patent Applications 540,037 and 719,200, this con- 
dition is circumvented; longer catalyst life and more 
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uniform catalyst strength control are achieved. 

To summarize the effects of the synergism of the 
combination of the present patent with the teachings of 
its preceding applications: all water is eliminated from 
5 the process within the degumming isothermal station; 
ancillary materials are degassed so that auto-oxidation 
no longer exists , thereby eliminating the need of added 
antioxydants; thereby the process is fully protected from 
subseouent contamination. Since high temperatures of 

10 the conventional method are not now needed, the distil- 
lation system may be conducted at temperatures well 
below the natural triglyceride pyrolysis temperature. 

Accordingly , while the present invention can be 
practiced with conventional new oil and catalyst slurry 

15 preparation , it is highly desirable that the teachings 
of the above mentioned U.S. Patent Applications be uti- 
lized herewith. While U.S. Patent Application 540 f 037 
has been adecruately discussed hereinabove, a summary of 
the invention disclosed in U.S. Patent Application 

20 7 19 f 220 may be helpful at this point to understand its 
incorporation herein by reference. As the actual inclu- 
sion of that disclosure herein would unnecessarily 
increase the length of the present disclosure, it is 
intended that such incorporation by reference fulfill 

25 all requirements for proper f oundationing of claims due 
in combining the teaching thereof with the present 
disclosure. 

It is known that newly extracted edible oils con- 
tain dissolved oxygen. Subsequent refining of the oil 

30 causes the dissolved oxygen to chemically combine with 
triglycerides, leading to the phenomenon called auto- 
oxidation. This is commonly called "rancidity" as the 
oil turns rancid, having unacceptable tastes and odors. 
The continuous refining and deodorization method, of 

35 U.S. Patent Application 540,037 offered protection from 
contamination by atmospheric oxygen coming in contact 
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with the oil at elevated temperatures, but that process 
did not protect the oil from oxygen reaction from 
dissolved oxygen in the oil itself or from oxygen in any 
ancillary process materials which may contain dissolved 
5 or gaseous films of oxygen. 

My U.S. Patent Application 719,220 provided for the 
removal of dissolved oxygen using a single medium, 
deaerated water, with the resultant simultaneous removal 
of natural antioxidants and phosphatides. Degumraing is 

10 achieved by first putting water soluble lecithins and 

cephalins into solution with water, and then by centri- 
fuging the two materials from each other. Briefly, the 
first step is an initial acid water wash. The water 
used for this purpose is first sodium zeolite softened 

15 to protect the deaerating equipment from water mineral 
deposits. Phosphoric acid, or another acceptable acid, 
is mixed with the water prior to deaerating, and the 
mixture is flowed through an acid-water to acid-water 
heat exchanger. 

20 The acid-water is then deaerated in a deaerating 

heater to which is supplied a source of saturated steam. 
The deaerated acid-water mixture is cooled to a tem- 
perature for degumming the oil, such temperature deter- 
mined by the viscosity of the oil. The oil-water 

25 mixture cannot become too cool as the viscosity will 

become too high and the dynamic shear will cause a power 
loss. The raw oil does not become rancid in the pre- 
sence of phosphatides and tercopherols , however, once 
these materials are removed in a degumming operation, 

30 oxygen reaction begins in its initial period (the induc- 
tion period), after which the oil rapidly becomes rancid. 
Water, at normal temperatures, has a saturation of 7 to 
8 milligrams per liter of dissolved oxygen, hence it has 
this potential for removing the same amount of oxygen 

35 from the oil. This simultaneous removal of phosphatides 
and dissolved oxygen from the oil is not only unique, 
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but it is extremely useful as a refining method of 
edible oils. This method is applied in a series of acid 
water washes using phosphoric acid* Finally, all equip- 
ment is shielded from atmospheric oxygen by closed cpn- 
5 tainers and nitrogen shielding. 

The second part of U.S. Patent Application 719,220 
deals with materials ancillary to the process which con- 
tain dissolved oxygen or gaseous films of oxygen, such 
as clays used in the bleaching process. Catalysts used 

10 in the hydrogenation process are also gas film carriers of 
oxygen into the process. Dry materials, such as Kaolin 
clays used in bleaching as well as hydrogenation cata- 
lysts are finely divided materials which perform pro- 
perly in fluidized bed equipment. A series of purges of 

15 the clay or the catalyst placed in the fluidized bed 

container is effected via nitrogen gas percolation. The 
charge of clay or catalyst is then vacuum degassed. 
This nitrogen gas purge and vacuum degassing are 
repeated until the particles are substantially free of 

20 oxygen. The fluidized bed is finally purged with 

fluorene gas which completely absorbs the final traces 
of oxygen. The spent fluorene gas is water scrubbed, 
and a by-product of hydrofluoric acid is generated. 
Acetylene gas is also an acceptable absorbent for the 

25 "residual oxygen, however, the temperature must be kept 
low at the point of acetylene gas application. Carbon 
monoxide gas is also a suitable absorbing gas. Once 
oxygen free, the deaerated clay or catalyst are once 
again fluidized with nitrogen and pumped to a nitrogen 

30 shielded storage container from which application is 
made to the process. 

The above partial description of the preparation of 
the edible oil for prevention of auto-oxidation, as more 
fully disclosed in U.S. Patent Application 719,220, is 

35 provided to emphasize the oxygen free condition of the 
edible oil and catalyst slurry used in the present pro- 
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cess. The effects of catalyst poisoning will be 
generally less for continuous hydrogenat ion, so timely 
replacement of catalyst is not a significant cost fac- 
tor. In addition to that just described for oxygen 
5 removal, the present invention enjoys the further advan- 
tage of receiving its feed stock oil refined and 
deodorized by the process of U.S. Patent Application 
540,037; mention of this is made to point out that 
this further protects the strength of the catalyst. 

10 With such care of the feed stock oil and catalyst, the 
process is made to be catalyst sensitive such that 
changes in the catalyst strength are immediately 
reflected in the family of curves of the product Quality 
measurements (viscosity-temperature and opacity- 

15 temperature curves) described hereinabove, thereby 

making the catalyst a control parameter which the plant 
operator can adjust to any catalyst strength and thus 
effect any desired product* quality. 

Returning to Figure 12, it will be noted that the 

20 schematic of the oil-catalyst separator station 56 
comprises the following: 

284 is a initial spiral wound filter apparatus; 
286 is a secondary leaf filter apparatus; 
288 is a secondary leaf filter pump; 

25 290 is a filter recirculating pump associated with 

the regeneration of filter apparatus 284; 

292 is a filter recirculating pump which com- 
municates a small side flow between the secondary filter 
apparatus 286 to the initial filter apparatus 284; 

30 294 is a back pressure diaphragm valve in conduit 

270 which supplies net suction pressure to pump 290 for 
the purpose of recirculation through the spiral wound 
filter tubes in vessel 284; hence the flow provided by 
pump 292 just matches the flow upstream of valve 294 in 

35 the conduit 270 which communicates between the bottom of 
the filter apparatus 284 to the recycle catalyst storage 



WO 88/00855 



-64- 



PCT/US87/01837 



tank 262; 

296 and 298 are recirculating conduits which con- 
nect the conduit 270 to the suction port of pump 290 and 
the discharge port of pump 290 to the conduit 24, 
5 respectively. The conduit 24 connects the output oil 

and catalyst -slurry from the last hydrogenator vessel 72 
to the top of the filter apparatus 284; 

300 is a valve in the conduit 298 which isolates 
the reflux flow through the filter 284; 

10 302 is a conduit which connects the conduit 24 (the 

output line from the filter apparatus 286) to the suc- 
tion port of the pump 292 which flows the small reflux 
flow used for regenerating filter 284. Conduit 24 
delivers finished oil from the filter apparatus 286 and 

15 passes same to the deodorizer station 60 as shown in 
Figure 1A; 

304 is a conduit connected to the discharge port of 
pump 292 and bifurcates into conduits 304A and 304B 
which lead to the conduit 24 and to a middle section of 

20 the second filter apparatus 284, respectively; 

306A and 306B are valves in the conduits 304A and 
304B, respectively; 

. 308 is a backpressure diaphragm valve in the outlet 
oil stream conduit 24; 

25 310 and 312 are conduits which interconnect the 

shell side of the filter apparatus 284 to the suction of 
the pump 288 and the discharge thereof to the filter 
apparatus 286, respectively; and 

314 is a valve in the conduit 310. 

30 In practice, the initial catalyst filter apparatus 

284 is actually a battery of such filters that are 
appropriately piped in parallel interconnection which 
permits a set of filters to be regenerated while the 
alternate set is providing continuous service. 

35 However, for purpose of this teaching, it will be suf- 
ficient to deal with these as individual filters. 
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10 



The initial filter apparatus 284 is a self-cleaning 
filter such as manufactured by the Industrial Company of 
Cicero, Illinois, and serves as the primary slurry 
filter. The oil containing the suspension of catalyst 
is passed through porous tubes (not shown) under 
pressure, thusly leaving almost all of the catalyst 
as filtrate upon the internal surfaces of the filter 
tubes. The oil flow passes from the shell of filter 284 
via conduit 310, pump 288 and conduit 312 to the secon- 
dary filter apparatus 286. 

The secondary filter apparatus 286 is a conventional 
leaf filter which removes any trace of catalyst from the 
finished oil and passes same to the outlet oil stream 
conduit 24. The amount of catalyst captured on the 
15 filter apparatus 286 is small and is not returned to the 
catalyst storage and feeder station 52. 

In operation, the bypassing provided by the conduit 
296, pump 290 and conduit 298 is utilized as required to 
maintain a sufficient tube velocity to keep slurry tra- 
20 veling at a fairly high velocity through the internal 
tubes for thorough cleaning during regeneration of the 
filter apparatus 284. The recycled shell side oil flow 
effected via conduit 302, pump 292 and conduit 304B 
serves to clear the shell side of the tubes in the 
25 filter apparatus 284, while the flow through conduit 

304A serves to provide dilution oil to the tube side as 
required. An oil reduced slurry is removed from the 
filter apparatus 284 via the conduit 270 and passed 
thereby to the recycle catalyst storage tank 262 of the 
30 catalyst storage and feeder station 52. 

As the catalyst slurry to the head of the hydro- 
genation vessels 72 is a metered mixture from both the 
storage tank 262 (recycled catalyst) and the storage 
tank 260 (new catalyst), each of which is metered, via 
35 the inlet catalyst conduit 79; the recycled catalyst is 
continuously being made up with new catalyst slurry for 
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the purpose of maintaining any desired catalyst strength 
for the current process. As can be seen there is a 
redundancy of old catalyst slurry so that a portion is 
discharged during each regeneration to make volume for 
5 the new catalyst additions. 

Returning to Figure lA f the oil exiting the oil- 
catalyst separator station 56 via the conduit 24 is 
passed to the deodorizer station 60 which is similar in 
construction detail to the isothermal station 18 of 

10 Figure 1. As pointed out hereinabove, the deodoriza- 
tion isothermal station 18 is taught in U.S. Patent 
Application 540 f 037 and need not be described again 
here. Rather, it is sufficient to note that the 
deodorizer station 60 can usually be downsized to that 

15 of the earlier taught isothermal station 18 since final 
polishing is now the object. 

Following the deodorizer station 60, the finished 
product stream 62 is passed through heat exchanger 58 
(in heat exchange relation to the oil stream 24 exiting 

20 from the oil-catalyst separator station 56) and then 

through heat exchanger 50 (in heat exchange with the oil 
stream 24 leading to the hydrogenation station 54) . The 
overall process depicted in Figures 1 arid 1A is very 
efficient with regard to energy utilization due to the 

25 inner disposition of the noted heat exchangers between 
the processed stations. This is made possible by using 
continuous and uniform flow through the process. 

It is clear that the present invention is well 
adapted to carry out the objects and to attain the ends 

30 and advantages mentioned as well as those inherent 
therein. While a presently preferred embodiment has 
been described for purposes of this disclosure, numerous 
changes may be made which will readily suggest them- 
selves to those skilled in the art and which are encom- 

35 passed within the spirit of the invention disclosed and 
as defined in the appended claims. 
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What is claimed is: 

1. A method of determining and controlling the 
hydrogenation quality of an oil stream which is being 
subjected to hydrogenation reaction, comprising the 
5 steps of: 

(a) passing a portion of the processing oil stream 

through a plurality of calibrated interstices 
at a predetermined flow rate; 

(b) cooling the oil stream portion to a predetermined 
10 and discrete temperature between each of the 

calibrated interstices; 

(c) measuring the pressure drop across each of the 

calibrated interstices; 
(d) calculating the viscosity of the oil stream portion 
15 according to the relationship of differential 

pressure divided by flow rate for each 
interstice; 

(e) preparing a viscosity operating curve of the calcu- 

lated viscosities versus mean temperatures of 
20 the calibrated interstices; and 

(f) comparing the viscosity operating curve to selected 

viscosity reference curves prepared by con- 
ducting steps (a) through (e) above with oil 
of known degrees of hydrogen unsaturation. 

25 2. The method of claim 1 further comprising the 

steps of: 

(g) altering the process to effect a change in the hydro- 

genation reaction of the oil stream in 
response to the comparison of step (f) when 
30 the viscosity operating curve is beyond a pre- 

determined range of separation from the 
selected viscosity reference curve; and 

(h) repeating steps (a) through (g) as necessary to 

continuously achieve the degree of hydrogena- 
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tion desired in the oil stream. 

3. The method of claim 2 further comprising the 
steps of: 

(i) passing another portion of the processing oil 
5 stream through a plurality opacity monitors at 

a predetermined flow rate; 

(j) changing the temperature of the oil stream portion 
of step (i) to effect a different discreet 
mean temperature of the oil stream portion in 
10 each of the opacity monitors; 

(k) passing high frequency radiation through the oil 
stream portion in each of the opacity moni- 
tors; 

(1) measuring the attenuation of high frequency 
15 radiation in each of the opacity monitors; 

(m) preparing an opacity operating curve of the mean 
temperatures versus attenuation measurements 
for the opacity monitors; and 

(n) comparing the opacity operating curve of step 
20 (m) to selected opacity reference curves 

prepared by conducting steps (i) through 
(m) above with standardized oil samples 
of known plasticity characteristics. 

4. The method of claim 3 further comprising the 
25 steps of: 

(o) altering at least one process parameter in the 

hydrogenation reaction of the oil stream in 
response to the information received from step 
(n) when the opacity operating curve generated 
30 from steps (i) through (m) is beyond a predeter- 

mined range of separation from the selected 
opacity reference curve; and 
(p) repeating steps (i) through (o) as necessary to 

continuously achieve the degree of plasticity 
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desired for the oil stream. 



5. The method of claim 4 wherein step (j) involves 
lowering the temperature of the oil stream portion 
sample between the opacity monitors so that the opacity 

5 operating curve of step (n) is a temperature decaying 
curve. 

6. The method of claim 4 wherein step (j) involves 
raising the temperature of the oil stream portion between 
the opacity monitors so that the opacity operating 

10 curve of step (n) is a temperature increasing curve. 

7. The method of claim 6 further comprising the 
steps of: 

(q) passing the other portion of processing oil through 
a plurality of other opacity monitors; 
15 (r) lowering the temperature of the opacity sample to 
effect a different and discreet mean tem- 
perature of the opacity sample in each of the 
other opacity monitors; 
(s) subjecting the opacity sample to high frequency 
20 radiation in each of the other opacity moni- 

tors; 

(t) measuring the attenuation of high frequency 

radiation in each of the other opacity moni- 
tors; 

25 (u) preparing a second opacity sample curve of the mean 

temperature and attenuation measurements for 

the other opacity monitors; and 
(v) preparing a second working opacity curve by 

integrating the 'first and second opacity 
30 sample curves for use in the comparison of 

step (m). 



8. The method of claim 7 wherein the viscosity 
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reference curves used in step (f ) are prepared by deter- 
mining the Iodine Values of samples of oil having 
varying degrees of hydrogen unsaturation. 

9. The method of claim 8 wherein the opacity 
reference curves used in step (n) are prepared by deter- 
mining the Solid Fat Index of samples of oil having 
varying degrees of crystal solidification. 

10. The method of claim 9 wherein the hydrogena- 
tion reaction is carried out in the presence of a granular 
catalyst, and wherein the method further comprises: 

filtering the portions of processing oil stream 
to remove substantially all of the catalyst 
prior to passing same through the interstices 
and opacity monitors. 

15 12. The method of claim 11 wherein each hydrogena- 

tion vessel comprises: 
a column vessel; 

a vertically disposed support shaft bearingly 
mounted for rotation; 
20 at least one shelf tray supported by the support 

shaft and extending generally horizontally 
within the column vessel; 
at least one stationary tray supported by the 
column vessel and extending generally 
25 horizontally within the column vessel in 

substantially parallel and spaced apart rela- 
tionship to the shelf trays, the shelf trays 
and stationary trays disposed to permit fluid 
passage respectively at the column wall and at 
the support shaft so that the edible oil 
stream is caused to pass in the space between 
the shelf trays and the stationary trays; 
agitator paddles supported by the shelf trays and 



30 
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by the stationary trays, the agitator paddles 
disposed to pass in near juxtaposition as the 
support shelfs are rotated by the support 
shaft so that the processing oil and catalyst 
5 mixture passing between adjacent trays is 

dynamically sheared to effect turbulent mixing 
thereof; 

rotating means for rotating the support shaft; and 
sparger means disposed at selected points within 
10 the column vessel for dispersing hydrogen gas 

into the processing oil stream passing through 

the vessel. 



13. The method of claim 12 wherein each hydrogen 
vessel further comprises: 

15 cooling means supported on each stationary tray for 

passing a selected coolant in heat exchange 
relationship to the processing oil passing 
thereby. 

14. The method of claim 12 wherein the sparger 
20 means comprises: 

an inlet hydrogen conduit; and 

at least one hydrogen nozzle sparger connected to 
the hydrogen conduit and having a sparger 
nozzle assembly comprising: 
25 a body portion; and 

at least one capillary tube extensive from the 
body portion and having a capillary bore 
extending the length thereof and com- 
municating with the inlet hydrogen con- 
30 duit to disperse hydrogen gas passed 

therethrough • 



15. The method of claim 14 wherein the hydrogen 
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sparger further comprises: 

vibrator means for vibrating the sparging nozzle 

assembly so that dispensing hydrogen bubbles . 
are reduced in size. 



5 16. In a continuous hydrogenation process in which 

an edible oil stream is subjected to catalytic hydrogen 
reaction in at least one column vessel in which intimate 
mixing of the processing oil, catalyst and hydrogen is 
caused to occur, and in which the flow rate, tem- 
10 perature, pressure and mixing turbulence are variable as 
required to effect a desired Quality of the effluent 
oil, an improved control method comprising the steps of: 
preparing a family of reference curves for a 

plurality of oil samples of known and varying 
15 saturation degrees by passing the oil samples 

individually through a plurality of calibra- 
tion interstices at discreet, known tem- 
peratures, the family of hydrogenation curves 
relating the functional relationship of mean 
20 temperature and pressure drop for the calibra- 

tion interstices for a range of saturation 
values of the processing oil; 
passing a portion of the processing oil from the 

vessel through the calibration interstices at 
25 a determined flow rate; 

altering the temperature of the portion of pro- 
cessing oil to effect a discreet mean 
temperature at each interstices; 
measuring the pressure drop across each interstice; 
30 preparing a viscosity operating curve of the 

pressure drop versus the mean temperature of 
the interstices; 
comparing the viscosity operating curve to the 
family of reference curves; 
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altering at least one of the process parameters in 
response to the information obtained from the 
preceding step; and 

repeating the above steps as required to achieve 
5 the product quality desired for the effluent 

oil stream. 

17. The improved method of claim 16 further 
comprising the steps of: 

passing another portion of the processing oil stream 
10 serially through a plurality of opacity moni- 

tors at a predetermined flow rate; 
measuring high frequency attenuation of the 
opacity sample at various discrete tem- 
peratures in the opacity monitors; 
15 preparing a working opacity operating curve of the 

mean temperatures versus the high frequency 
attenuation values; 
comparing the working opacity operating curve to 
opacity reference curves for oil of known 
20 plasticity values by conducting the above 

steps with samples of the oil of known 
plasticity; 

altering the process parameters in response to the 
information obtained from the preceding step 
25 as required to conform the opacity operating 

curve to the selected opacity reference curve; 
and 

repeating the above steps at selected time inter- 
vals as required to achieve the plasticity 
30 desired for the effluent oil stream. 

18. The improved method of claim 17 wherein the 
processing oil portion is passed serially through a 
plurality of first opacity monitors, and wherein the 
step of measuring the infrared attenuation at various 



WO 88/00855 



-74- 



PCT/US87/01837 



discrete temperatures comprises: 

cooling the oil portion to effect a different and 
discreet temperature in each of the first 
opacity monitors; 
5 subjecting the opacity sample to high frequency 

radiation in each of the first opacity moni- 
tors; and 

measuring the attenuation of high frequency 

radiation through the oil in each of the first 
10 opacity monitors. 

19. The improved method of claim 18 wherein the 
oil portion, following passage through the first opa- 
city monitors , is passed serially through a plurality of 
second opacity monitors , and wherein the step of 
15 measuring the high frequency attenuation at various discreet 
temperatures further comprises: 

heating the oil portion to effect a different and 

and discreet temperature of the oil portion in 
each of the second opacity monitors; 
20 subjecting the oil portion sample to high frequency 

radiation in each of the second opacity moni- 
tors; 

measuring the attenuation of high frequency 

radiation through the oil portion in each of 
25 the second opacity monitors; and 

integrating the opacity operating curve of the first 
opacity monitors and the opacity operating curve 
of the second opacity monitors to form the 
working opacity operating curve for use in the 
30 step of comparing same to the opacity 

reference curves. 



20. The improved method of claim 19 wherein the 
viscosity reference curves are determined by measuring 
the Iodine Values of samples of oil passed through the 
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calibrated interstices. 

21. The improved method of claim 20 wherein the 
plasticity reference are determined by measuring the 
Solid Fat Index of samples of oil passed through the 

5 opacity monitors. 

22. The improved method of claim 21 wherein the 
oil portions are filtered to remove suspended catalyst 
prior to passing the oil through the calibrated 
interstices and opacity monitors. 

10 23. The method of claim 22 wherein the hydrogena- 

tion reaction of the oil is carried out in a continuously 
flowing process in which the processing oil and 
suspended granular catalyst are passed serially through 
a plurality of hydrogenation vessels, each such vessel 

15 having input hydrogen gas and means for agitation, with 
the above steps repeated at selected intervals on each 
hydrogenation vessel to provide operator information for 
controlling the process parameters for each such vessel. 

24. The method of claim 23 wherein each hydrogena- 
20 tion vessel comprises: 
a column vessel; 

a vertically disposed support shaft bearingly 
mounted for rotation; 

rotating means for rotating the support shaft; 
25 at least one shelf tray supported by the sup- 

port shaft and extending generally horizon- 
tally within the column vessel; 

at least one stationary tray supported by the 

column vessel wall and extending generally 
30 horizontally within the column vessel in 

substantially parallel and spaced apart rela- 
tionship to the shelf trays, the shelf trays 
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and the stationary trays being disposed to 
permit upward fluid passage respectively at 
the column wall and at the support shaft so 
that the edible oil stream is caused to flow 
5 upwardly in the hydrogenator vessel so as to 

pass between the shelf trays and the sta- 
tionary trays; 
a plurality of agitator paddles, some of which 

being supported by the shelf trays and others 

10 being supported by the stationary trays and 

disposed to pass in near juxtaposition as the 
support shelves are rotated so that the pro- 
cessing oil and catalyst mixture passing be- 
tween adjacent trays is dynamically sheared to 

15 effect turbulent mixing thereof; and 

sparger means disposed at selected points within 

the column vessel for dispersing hydrogen gas 
into the processing oil and catalyst mixture 
passing through the vessel. 

20 25. The method of claim 24 wherein each hydrogena- 

tion vessel further comprises; 

cooling means supported on the stationary trays for 
passing a selected coolant in heat exchange 
relationship to the processing oil and cata- 
25 lyst mixture passing thereby. 

26. The method of claim 25 wherein the sparger 
means comprises: 

an inlet hydrogen conduit; and 

at least one hydrogen nozzle sparger connected to 
30 " the hydrogen conduit and having a sparger 

nozzle assembly comprising: 
a body portion; and 

at least one capillary tube extensive from the 
body portion and having a capillary bore 
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extending the length thereof and com- 
municating with the inlet hydrogen con- 
duit to disperse hydrogen gas passed 
therethrough. 

5 27. The method of claim 26 wherein the hydrogen 

sparger further comprises: 

vibrator means for vibrating the sparging nozzle 
assembly so that dispensing hydrogen bubbles 
are reduced in size. 



10 28, An improved vessel assembly for interphase 

mass exchange between a liquid stream and an inlet gas, 
comprising: 

a vessel having a liquid inlet and outlet openings 
disposed to pass the liquid stream from the 
15 liquid inlet to the liquid outlet so that in 

operation the vessel has a liquid zone 
extending between the inlet and outlet 
openings ; 

a plurality of horizontally disposed spaced apart 
20 liquid holding trays supported by the vessel, 

each such tray having a central bore axially 
aligned with the central bores of the 
remaining trays to form a central vacant 
column bore extending vertically in the 
25 vessel; 

agitator means supported by the vessel for 

directing and dynamically shearing the through 
flowing liquid stream in the liquid zone, 
comprising: 

30 a support shaft disposed to extend vertically 

in the column bore; 
means for supporting and selectively rotating 
the support shaft; and 



WO 88/00855 



-78- 



PCT/US87/01837 



10 



5 



a plurality of horizontally disposed spaced 
apart rotating trays supported by the 
support shaft to extend between the 
liquid holding trays, each of the 
rotating trays extending to a predeter- 
mined distance from the vessel wall to 
provide a wall annular space therebetween 
so that the liguid stream is caused to 
flow serpentinely between column to wall 
so as space to pass horizontally over 
each liguid holding tray and each 
rotating tray as the liquid stream flows 
from the inlet opening to the outlet 
opening as it flows through the vessel. 



15 



29. The improved vessel assembly of claim 28 



wherein the liquid holding trays have plural stator mem- 
bers extending therefrom and wherein the rotating trays 
have plural paddle members extending therefrom, the sta- 
tor members and paddle members spatially disposed to 
20 form passage grooves therebetween which receive in near 
clearing relationship the paddle members and stator mem- 
bers so that the horizontally flowing liquid stream is 
continually dynamically sheared between the rotating 
paddle members and the stator members. 

25 30. The improved vessel assembly of claim 29 

further comprising: 

heat exchange means disposed on selected ones of 
the liquid holding trays for effecting heat 
exchange with the flowing liquid stream. 

30 31. The improved vessel assembly of claim 30 

wherein the heat exchange means comprises a plurality of 
cooling coil assemblies, each such cooling coil 
assemblies characterized as comprising: 
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a cooling coil supported by one of the liquid 

holding trays; and 
conduit means extending through the vessel wall and 
connected to the cooling coil for passing a 
5 coolant to and from the cooling coil 

32. The improved vessel assembly of claim 31 
wherein each of the cooling coils is disposed to effect 
substantially uniform temperature throughout the area of 
its supporting tray, 

10 33. The improved vessel assembly of claim 32 

wherein each of the liquid holding trays has a weir 
member disposed near the central column bore so that the 
liquid stream is caused to backup onto its supportive 
liquid holding tray. 

15 34. The improved vessel assembly of claim 33 

wherein each of the rotating trays has a weir member 
disposed near the wall annular space so that the liauid 
stream is caused to backup onto its supportive rotating 
holding tray. 

20 35. The improved vessel assembly of claim 34 

wherein each of the stator members is a generally rec- 
tangularly shaped platelet extending from the respective 
supportive liquid holding plate. 

36. The improved vessel assembly of claim 34 

25 wherein each stator member is angularly disposed from 
its supportive plate to reduce fluid drag thereon. 

37. The improved vessel assembly of claim 36 
wherein each of the paddle members is a generally rec- 
tangularly shaped platelet extending from the respective 

30 rotary plate. 
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38. The improved vessel assembly of claim 37 
wherein each of the paddle members is angularly disposed 
from its supportive plate to reduce fluid drag thereon. 

39. The improved vessel assembly of claim 38 
5 further comprising: 

gas sparger means disposed for sparging a selected 
gas into selected points in the liquid zone 
of the vessel. 

40. The improved vessel assembly of claim 39 
10 wherein the liquid stream is an edible oil. 

41. The improved vessel assembly of claim 40 
wherein the edible oil has unsaturated bond locations 
and the inlet gas is hydrogen gas. 

42. The improved vessel assembly of claim 39 
15 wherein the sparger means comprises: 

an inlet hydrogen conduit? and 

at least one hydrogen nozzle sparger connected to 
the hydrogen conduit and having a sparger 
nozzle assembly comprising: 
20 a body portion; and 

at least one capillary tube extensive from the 
body portion and having a capillary bore 
extending the length thereof and com- 
municating with the inlet hydrogen con- 
25 duit to disperse hydrogen gas passed 

therethrough. 

43. The method of claim 42 wherein the hydrogen 
sparger further comprises: 

vibrator means for vibrating the sparging nozzle 
30 assembly so that dispensing hydrogen bubbles 

are reduced in size. 
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44. In a continuous hydrogenation process in which 
an edible oil stream is subjected to catalytic hydrogen 
reaction in at least one column vessel in which intimate 
mixing of the processing oil, catalyst and hydrogen is 
caused to occur/ and in which the flow rate, tem- 
perature, pressure and mixing turbulence are variable as 
required to effect a desired quality of the effluent 
oil, an improved control method comprising the steps of: 
preparing a family of reference curves for a 

plurality of oil samples of known and varying 
saturation degrees by passing the oil samples 
individually through a plurality of viscosity 
monitors at discreet, known temperatures, the 
family of hydrogenation curves relating the 
15 functional relationship of temperature, 

pressure drop and saturation values of the pro- 
cessing oil; 

passing a portion of the processing oil from the 
vessel through the viscosity monitors at 
20 a determined flow rate; 

altering the temperature of the portion of pro- 
cessing oil to effect a discreet mean 
temperature at each viscosity monitor; 
measuring the pressure drop across each viscosity 
25 monitor; 

preparing a viscosity operating curve of the 

pressure drop versus the mean temperature of 
the viscosity monitors; 
comparing the viscosity operating curve to the 
30 family of reference curves; 

altering at least one of the process parameters in 
response to the information obtained from the 
preceding step; and 
repeating the above steps as required to achieve 
35 the product quality desired for the effluent 

oil stream. 
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45, The improved method of claim 44 further 
comprising the steps of: 

passing another portion of the processing oil stream 
serially through a plurality of opacity moni- 
5 tors at a predetermined flow rate; 

measuring high frequency attenuation of the 
opacity sample at various discrete tem- 
peratures in the opacity monitors; 
preparing a working opacity operating curve of the 
10 mean temperatures versus the high frequency 

attenuation values; 
comparing the working opacity operating curve to 
opacity reference curves for oil of known 
plasticity values by conducting the above 
15 steps with samples of the oil of known 

plasticity. 

altering the process parameters in response to the 
information obtained from the preceding step 
as required to conform the opacity operating 
20 curve to the selected opacity reference curve; 

and 

repeating the above steps at selected time inter- 
vals as required to achieve the plasticity 
desired for the effluent oil stream. 

25 46. The improved method of claim 45 wherein the 

processing oil portion is passed serially through a 
plurality of first opacity monitors r and wherein the 
step of measuring the infrared attenuation at various 
discrete temperatures comprises: 
30 cooling the oil portion to effect a different and 

discreet temperature in each of the first 
opacity monitors; 
subjecting the opacity sample to high frequency 

radiation in each of the first opacity moni- 
35 tors; and 
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measuring the attenuation of high frequency 

radiation through the oil in each of the first 
opacity monitors. 

47. The improved method of claim 46 wherein the 
5 oil portion, following passage through the first opa- 
city monitors, is passed serially through a plurality of 
second opacity monitors, and wherein the step of 
measuring the high frecjuency attenuation at various discreet 
temperatures further comprises: 
10 heating the oil portion to effect a different and 

and discreet temperature of the oil portion in 
each of the second opacity monitors; 
subjecting the oil portion sample to high frequency 
radiation in each of the second opacity moni- 
tors; 

measuring the attenuation of high frequency 

radiation through the oil portion in each of 
the second opacity monitors; and 
integrating the opacity operating curve of the first 
opacity monitors and the opacity operating curve 
of the second opacity monitors to form the 
working opacity operating curve for use in the 
step of comparing same to the opacity 
reference curves. 



15 



20 



25 48. The improved method of claim 45 wherein the 

viscosity reference curves are determined by measuring 
the Iodine Values of samples of oil passed through the 
viscosity monitors. 

49. The improved method of claim 48 wherein the 
30 plasticity reference are determined by measuring the 
Solid Fat Index of samples of oil passed through the 
opacity monitors. 
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50. The improved method of claim 49 further 
comprising filtering the oil portions to remove 
suspended catalyst prior to passing the oil portions 
through the viscosity and opacity monitors. 

5 51. The method of claim 50 wherein the hydrogena- 

tion reaction of the oil is carried out in a continuously 
flowing process in which the processing oil and 
suspended granular catalyst are passed serially through 
a plurality of hydrogenation vessels , each such vessel 
10 having input hydrogen gas and means for agitation, with 
the above steps being repeated at selected intervals of 
time on each hydrogenation vessel to provide operator 
information for controlling the process parameters for 
each such vessel. 



15 52. The method of claim 51 wherein each hydrogena- 

tion vessel comprises: 
a column vessel; 

a vertically disposed support shaft bearingly 
mounted for rotation; 
20 rotating means for rotating the support shaft; 

at least one shelf tray supported by the sup- 
port shaft and extending generally horizon- 
tally within the column vessel; 
at least one stationary tray supported by the 
25 column vessel wall and extending generally 

horizontally within the column vessel in 
substantially parallel and spaced apart rela- 
tionship to the shelf trays , the shelf trays 
and the stationary trays being disposed to 
permit upward fluid passage respectively at 
the column wall and at the support shaft so 
that the edible oil stream is caused to flow 
upwardly in the hydrogenator vessel so as to 
pass between the shelf trays and the sta- 



30 
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tionary trays; 
a plurality of agitator paddles, some of which 

being supported by the shelf trays and others 
being supported by the stationary trays and 
5 disposed to pass in near juxtaposition as the 

support shelves are rotated so that the pro- 
cessing oil and catalyst mixture passing be- 
tween adjacent trays is dynamically sheared to 
effect turbulent mixing thereof; and 
10 sparger means disposed at selected points within 

the column vessel for dispersing hydrogen gas 
into the processing oil and catalyst mixture 
passing through the vessel. 



53. The method of claim 52 wherein each hydrogena- 
15 tion vessel further comprises: 

cooling means supported on the stationary trays for 
passing a selected coolant in heat exchange 
relationship to the processing oil and cata- 
lyst mixture passing thereby. 



20 54 • The method of claim 53 wherein the sparger 

means comprises: 

an inlet hydrogen conduit; and 

at least one hydrogen nozzle sparger connected to 
the hydrogen conduit and having a sparger 
25 nozzle assembly comprising: 

a body portion; and 

at least one capillary tube extensive from the 
body portion and having a capillary bore 
extending the length thereof and com- 
30 municating with the inlet hydrogen con- 

duit to disperse hydrogen gas passed 
therethrough. 



55. The method of claim 54 wherein the hydrogen 
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sparger further comprises: 

vibrator means for vibrating the sparging nozzle 
assembly so that dispensing hydrogen bubbles 
are reduced in size. 

5 56. The method of claim 55 wherein each of the 

viscosity monitors is an interstice device comprising: 
a block members having inlet and outlet ports; 
an interstice bore extending between the inlet and 
outlet ports; and 
10 means for measuring the temperature and pressure 

differentials of the oil flowing through the 
interstice bore. 

57. The method of claim 56 wherein each of the 
opacity monitors comprises an opacity measurement member 
15 comprising: 

a body portion having inlet and outlet ports; 
a longitudinal bore extending between the inlet 

and outlet ports; 
means for providing a radiation path laterally to 
20 the longitudinal bore; and 

means for passing high frequency radiation along 
the radiation path and for measuring the 
attenuation of same by the oil flowing 
through the longitudinal bore. 
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